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FOREWORD 


This  report  was  prepared  by  General  Dynamics/Electric  Boat, 
Groton,  Connecticut.  The  engineering  research,  process  evalua¬ 
tion,  and  design  study  on  which  this  report  is  based  were  carried 
out  under  Contract  AP33 (657) -11489,  Project  No.  6373,  "Equipment 
for  Life  Support  in  Aircraft,"  and  Task  No.  637305,  "Analysis  and 
Integration  of  Life  Support  Systems."  This  work  was  monitored  by 
Mr.  A.  B.  Hearld,  Requirements  and  Evaluation  Branch,  Biotechnol¬ 
ogy  Division,  Biomedical  Laboratory,  6570th  Aerospace  Mtdical 
Research  Laboratories,  Wright -Patterson  Air  Force  Base,  Ohio. 
Research  sponsored  by  this  contract  was  started  in  April  1963  and 
completed  in  January  1964. 

The  authors  are  John  Dodson,  Chemical  Engineer,  and  Harold 
Wallman,  Head  of  the  Chemical  Engineering  Section,  Research  and 
Development  Department,  General  Dynamics/Electric  Boat.  'Diis 
report  has  been  assigned  Electric  Boat  Document  No.  U413-64-056. 

The  authors  acknowledge  the  assistance  and  advice  of  Dr.  E.A. 
Zuraw,  Dr.  J.  A.  Lubitz,  and  Mr.  G.  A.  Hemerick  of  General  Dynamics/ 
Electric  Boat  in  the  preparation  of  the  sections  on  biodegradation 
and  sterilization.  Acknowledgment  is  also  made  to  Harold  Miner 
and  Victor  Spezlall  for  their  assistance  in  pieparing  the  detailed 
design,  to  D.  Leone  for  performing  the  bacterial  examinations, 
and  to  D.  Rosen  for  editorial  assistance. 
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ABSTRACT 


An  engineering  evaluation  was  conducted  to  select  an  optim\am 
waste  management  system  for  collection,  storage,  and/or  disposal 
of  feces  and  urine  in  a  space  station  under  weightless  condition^ 
Based  on  this  study,  a  detailed  design  of  an  optimum  waste  manag^*^ 
ment  system  was  prepared  for  a  7-man,  15-day  mission.  Tests  per— ^ 
formed  on  a  breadboard  model  of  the  feces  collector  demonstrated 
the  feasibility  of  the  selected  approach. 
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SECTION  1 


INTRODUCTION 


This  study  encompasses  the  development  of  techniques  and  the 
design  of  equipment  for  an  optimum  waste  management  system  to  be 
used  on  aerospace  stations.  It  covers  the  engineering  analysis, 
development  of  design  criteria,  and  a  description  of  the  optimum 
system  as  developed;  and  Is  based  on  research  conducted  In  two 
phases,  as  follows: 

The  first  phase  consisted  of  an  engineering  evaluation  of 
applicable  methods  for  handling  human  wastes  (feces  and  urine) 
under  space  station  conditions.  This  evaluation  was  based  on  a 
comprehensive  discussion  of  various  techniques  and  equipment.  A 
description  of  an  optimum  waste  management  system  was  chosen  as 
a  result  of  the  engineering  evaluation. 

The  second  phase  consisted  of  the  development  of  design  cri¬ 
teria  for  an  optimum  waste  management  system-,  and  the  preparation 
of  layouts,  drawing's,  calculations,  and  other  data  necessary  to 
fabricate  an  engineering  model  of  the  system. 
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SECTION  2 


DESIGN  REQUIREMENTS 


In  general,  design  requirements  are  as  follows: 

1.  The  system  shall  accommodate  from  6  to  21  crew  members 
on  missions  from  l4  to  30  days. 

2.  The  system  shall  be  operable  under  weightless  and  arti¬ 
ficial  gravity  conditions. 

3.  The  system  shall  be  operable  under  these  environmental 
conditions : 

Cabin  Pressure  7*35  to  12  psia 

Temperature  Range  6o°  to  75OP 

Hiomidlty  Levels  30  tc  80^  Relative 

4.  All  equipment  shall  withstand  impacts  of  25  g  axial  and 
10  g  lateral  (referred  to  vehicle  axes)  and  shall  be 
constructed  of  nontoxic  and  noncorrosive  materials. 

5.  Except  for  power,  the  system  shall  not  be  dependent 
upon  other  systems  of  the  Aerospace  station. 

6.  TOie  system,  where  practical,  shall  satisfy  all  needs 
of  the  user  relating  to  the  collection,  transfer, 
storage,  treatment,  and/or  disposal  of  feces  and  urine. 
Simplicity  of  operation  and  maintenance,  and  minimum 
weight,  bulk,  and  power  requirements  are  prime 
requisites. 
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SECTION  3 

METHOD  OP  APPROACH 


BASIC  CONSIDERATIONS 

The  operation  of  a  body -waste -handling  system  in  an  aerospace 
station  will  be  conducted  under  "sUrt  sleeve"  conditions,  assum¬ 
ing  that  the  crew  members  will  remove  their  space  suits  shortly 
after  arrival  from  earth. 

In  considering  a  system  to  handle  the  collection,  transfer, 
storage,  treatment,  and/or  disposal  of  urine  and  feces,  a  large 
number  of  process  and  equipment  combinations  are  possible.  How¬ 
ever,  the  controlling  factor  in  any  such  system  Is  the  method 
used  for  treating  the  fecal  waste.  This  factor  Is  critical  from 
the  points  of  view  of  minimum  system  weight  and  technical  problems 
involved.  The  study,  therefore,  is  initially  directed  towards 
methods  of  storing  or  treating  fecal  waste,  with  and  without  urine. 

In  all  systems  studied,  urine  is  collected  separately  by  the 
use  of  plastic  urinals  and  then  transferred  to  a  storage  tank 
having  a  one-day  capacity  for  the  crew  size  under  consideration. 

All  systems  have  a  common  weight  and  vol\ime  penalty  factor  for 
collection  and  storage  of  urine. 

The  engineering  evaluation  is  limited  to  those  systems  for 
which  prototype  apparatus  has  been  built  or  for  which  sufficient 
infomation  is  available  for  an  evaluation. 

Because  crew  size  will  vary  in  number  from  6  to  21  men,  it 
is  assumed  that  living  quarters  for  6  or  7  nien  will  be  contained 
in  one  module,  and  quarters  for  21  men  will  be  contained  in  three 
modules.  This  is  based  on  a  hexagonal  (or  similar  module)  con¬ 
figuration  of  an  orbiting  space  station  (see  Ref.  l6). 

TECHNICAL  CONSIDERATIONS 

Based  on  design  requirements,  the  engineering  evaluation 
covered  in  this  report  was  prepared  on  the  following  factors: 

1.  Except  for  power,  each  system  studied  is  independent  of 
other  subsystems  of  the  space  station. 

2.  Each  system  studied  is  rated  quantitatively  in  regard  to: 

(a)  Total  weight  (including  penalties  for  power  and 
heat  rejection  and  cabin  air  loss) 

(b)  Volume  (bulk) 
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3.  Each  system  studied  Is  rated  qualitatively  In  regard  to; 

(a)  Reliability,  safety,  and  simplicity 

(b)  Degree  of  cabin  air  contamination 

(c)  Crew  acceptance  (psychological  factors) 

(d)  Operating,  transfer,  and  maintenance  requirements 

(e)  Operability  In  0-g  and  low-g  fields 

(f)  Adaptability  to  urine-water  recovery 

4.  Each  system  studied  Is  confined  to  collection,  transfer, 
storage,  treatment,  and/or  disposal  of  feces  and  urine. 
Recovery  systems  per  se  are  not  compared, 

5.  Water  recovery  from  feces  is  not  Justified  for  a  30-day 
mission. 

6.  The  power  source  consists  of  solar  cells.  A  weight 
penalty  of  300  Ib/kw  for  power  and  0.01  Ib/Btu/hr  for 
heat  rejection  has  been  adopted  for  this  study. 

7.  Any  material  voided  to  space  must  be  sterile. 

8.  Average  waste  product ion/man/day  is  considered  to  be 
1500  gm  urine  containing  55^  dry  solids,  and  150  gm  raw 
feces  with  dry  solids.  Ignition  residues  or  ash 
are  305^  of  dry-solids  weight  for  urine,  and  of  dry- 
solids  weight  for  feces. 
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SECTION  4 


PROCESS  STUDY 


GENERAL 

A  study  of  the  current  literature  concerned  with  the  collec¬ 
tion,  transfer,  storage,  treatment,  and/or  disposal  of  urine  and 
feces  in  a  space  vehicle  was  made.  Subsequently,  the  following 
processes  were  selected  for  consideration: 

1.  Mixed  urine  and  feces  -  freeze  dried 

2.  Mixed  urine  and  feces  -  freeze  stored 

3.  Mixed  urine  and  feces  -  biodegradation 

4.  Mixed  urine  and  feces  -  vacuum  distilled  with  vapor 

pyrolysis 

5.  Mixed  urine  and  feces  -  heat  sterilized  or  disinfected 
and  stored 

6.  Mixed  urine  and  feces  -  sterilized  and  vented 

7.  Feces  collected  in  bags  -  sealed  storage  In^cans 

8.  Feces  collected  in  bags  -  incinerated 

9.  Feces  combined  collection  and  storage  -  partial  drying 
by  space  vacuum 

Of  these  processes,  actual  prototype  apparatus  has  been 
built  for  processes  1,  4,  7  and  8.  Process  9  was  conceived  at 
General  Dynamic s/Electrlc  Boat  where  laboratory  experiments  were 
conducued  to  prove  its  feasibility.  Processes  2,  3>  4,  and  6 
will  be  discussed  qualitatively  and  are  dismissed  from  further 
consideration  for  the  reasons  stated.  Processes  1,  7>  8,  and  9 
will  be  compared  quantitatively. 

PROCESS  DISCUSSION  -  QUALITATIVE 

Freeze  Storage  of  Mixed  Waste 

The  mixed  wastes  (urine  and  feces)  can  be  stored  at  20°F 
without  decomposition,  by  removing  heat  from  the  mixed  wastes  by 
radiation  to  space  or  by  mechanical  refrigeration  provided  on 
board  the  aerospace  station.  Zeff  et  al  (Ref.  32)  considered 
this  method  to  be  impractical  because;  (a)  the  radiation  panel 
for  heat  rejection  to  space  would  be  quite  large,  (b)  the  radia¬ 
tion  panel  would  have  to  be  constantly  oriented  away  from  the  sun, 
(c)  the  bulk  storage  would  become  inordinately  large  for  the  long 
missions,  and  (d)  special  mixing  devices  would  be  necessary  to 
ensure  complete  mixing  of  urine  and  feces  under  zero-gravity 
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conditions.  Other  rea^.  is  for  rejecting  this  method  are:  (a)  the 
large  storage  volume  required  (in  excess  of  12  cubic  feet  and  36 
cubic  feet  for  the  7 -man  crew  and  21 -man  crew,  respectively,  on 
a  30-day  mission^,-  (b)  space  radiation  freezing  has  not  as  yet 
been  simulated,  and  freezing  by  mechanical  refrigeration  would 
require  power  and  heat  rejection  that  would  add  weight  penalties; 
and  (c)  this  system  would  not  allow  recovery  of  water  from  urine. 

Biodegradation  -  Mixed  Urine  and  Feces 

Insight  to  the  problems  Involved  in  using  biological  waste 
treatment  methods  in  space  can  be  obtained  by  examining  conven¬ 
tional  practice.  In  conventional  waste  treatment,  sewage  is 
highly  heterogeneous  and  dilute.  It  is  treated  biologically 
because  biological  processes  are  economical.  The  primary  objec¬ 
tive  Is  to  transform  sewage  to  nonvobjectlonable  solids,  liquids, 
and  gases  at  minimum  cost  and  in  minimum  time.  Liquids  from  the 
process  are  disposed  of  in  bodies  of  water,  and  gaseous  by-products 
are  eventually  released  to  the  atmosphere.  Solid  by-products  are’ 
either  burled,  used  as  fertilizer,  or  barged  to  sea. 

In  a  space  station,  wastes  will  be  more  homogeneous  and  con¬ 
centrated,  and  will  have  to  be  treated  .mder  severe  weight,  power, 
and  volume  restrictions.  In  the  discussions  that  follow,  biolog¬ 
ical  waste  treatment  is  evaluated  for  use  in  a  space  station. 
Particular  reference  is  made  to  the  work  of  Chapman  (Ref,  2)  and 
Ingram  (Ref.  7). 

Minimum  Engineering  Requirements 

Conventional  sewage  plants  are  designed  on  the  basis  of  maxi¬ 
mum  sewage  flow  and  concentration.  Actual  sewage  flow  and  concen¬ 
tration  varies  greatly.  Difficulties  attributed  to  biological 
aspects  of  the  activated  sludge  process  are  often  sewage-plant 
design  problems,  such  as  poor  control  over  sewage  flow  and  con¬ 
centration.  Since  the  quantity  and  composition  of  "wastes  in  a 
space  station  will  be  more  uniform,  this  design  problem  should 
be  simplified. 

In  the  biological  treatment  of  concentrated  wastes,  suffi¬ 
cient  data  concerning  loading  rate,  detention  time,  and  degree  of 
digestion  under  continuous -operating  conditions  are  not  available 
for  precise  design  calculations.  These  factors  are  Important 
because  they  determine  material  balances  of  the  process  and  the 
size  of  the  treatment  plant  required.  Nevertheless,  minimum  engi- 
ne^ing  requirements  can  be  given,  based  on  known  requirements. 

V 

In  terns  of  hardware,  a  blending  device  is  required  to  dis¬ 
perse  and  blend  feces  since  bacteria  will  rapidly  degrade  soluble 
and  finely  dispersed  matter  only.  The  process  will  also  require 
waste  storage  facilities  for  treatment  of  wastes  that  are  reason¬ 
ably  uniform  In  composition  and  concentration,  '  Thus,  a  minimum 
of  two  tanks  are  required  for  alternate  use  as  a  storage  system 
and  as  a  feed  system,  <■ 


6 


A  pump  is  required  for  feeding  the  waste  to  the  activated 
sludge  system  at  some  fixed  rate.  The  activated  sludge  system 
requires  a  minimum  of  one  tank  with  components  for  providing  gas- 
liquid  contact,  gas-liquid  separation,  and  liquid-solid  separation. 
Instrumentation  must  also  be  provided  for  controlling  and  moni¬ 
toring  the  process.  Additional  components  are  required  for 
adsorbing  carbon  dioxide,  adsorbing  gases  when  storage  tanks  are 
vented,  and  heat  rejection.  Equipment  may  also  be  required  for 
filtration  and  for  drying  of  solids. 

Power  will  be  consumed  for  blending,  pumping,  gas -liquid  con¬ 
tact,  gas-liquid  separation,  liquid-solid  separation,  instrumenta¬ 
tion,  and  heat  rejection. 

Material  Balances  of  Activated  Sludge  Treatment 

On  the  basis  of  1500  gm  of  urine  and  150  gm  of  feces/man/day, 
the  waste  breakdown  given  in  Table  I  can  be  used  for  evaluating 
biological  waste  treatment. 


TABLE  I 

ORGANIC  AND  MINERAL  MATTER  IN  FECES  AND  URINE 
Basis:  gm/man/day 


pHgO  1537.5 

1650— 

Suspended 

37.5  — 

— Organic  25 

Solids 

— Mineral  12.5 

__Total  112.5  — 

Solids 

> 

— Organic  50 

_ Soluble 

Solids 

75  — 

— Mineral  25 

This  waste  can  be  processed  on  a  continuous  basis  with  a 
material  balance  as  shown  schematically  below: 

Basis:  gm/man/ day 


Organic  (degradable) 

60  Activated 

Carbon  dioxide 

51 

Oxygen 

42  Sludge 

Water 

21 

(Standing 

Bacterial  cells 

30 

Crop) 

Organic (nondegradable) 

15  30 

Organic (nondegradable) 15 

Minerals 

37.5 

Minerals 

37.5 

Water 

1,537.5 

Water 

1,537.5 

Total 

1,692 

1,692 

Net  Resist  of  process: 

1.  30  gm  of  organic  solids  converted  to  CO^  and  water 

2.  30  gm  of  organic  solids  convei'ted  to  bacterial  cells 

3.  42  gm  of  oxygen  consumed 

The  following  assumptions  were  made  in  deriving  the  material 
balance.  (There  is  little  experimental  data  to  support  assump¬ 
tions  1  and  2.) 

1.  Human  organic  wastes  are  degradable  mlcroblologlcally 
without  dilution  with  water. 

2.  The  wastes  are  degraded  continuously  with  a  standing 
culture  of  30  gm  of  activated  sludge  and  a  processing 
rate  of  1650  gm  of  waste/man/day. 

3.  Sixty  gm  of  the  organic  matter  are  degradable  within  a 
reasonable  .time  period;  I5  gm  are  not. 

4.  The  bacteria  respire  with  an  efficiency  of  50^!  thus,  30 
gm  of  cells  are  generated  and  30  gm  of  organic  matter 
are  utilized  for  energy. 

5.  The  production  of  1  gm  of  bacterial  cells  requires  1.4 
gm  of  Og. 
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6.  The  respiratory  quotler^t*  of  the  sludge  culture  Is  0.9. 

7.  The  bacterial  mass  is'^not  easily  reduced.  (A  maximum 
reduction  In  mass  o^*  about  1^  per  hour  can  be  expected 
by  endogenous  respiration.) 

The  material  balance  shows  that : 

1.  A  reduction  In  waste  organic  solids  of  about  can  be 
expected,  at  best,  by  the  activated  sludge  process. 

2.  Nondegradable  organic  solids  will  acc\jmulate  If  not  con¬ 
tinually  removed  from  the  system. 

3.  The  process  will  produce  51  gm  of  CO^  and  21  gm  H^O,  and 

consume  42  gm  O^Aan/day.  ^  ^ 

Reliability 

The  reliability  of  an  activated  sludge  process  Is  dependent 
upon  "steady-state"  growth  of  mlcroor  anlsms.  Steady-state 
growth.  In  turn.  Is  dependent  on  gene  Ic  Integrity  and  a  rela¬ 
tively  constant  physical  and  chemical  environment.  This  pre¬ 
supposes  a  constant  feed  rate  of  wastes  that  are  unlfom  In 
composition. 

The  effect  of  genetic  mutations  would  be  minimal  In  a  con¬ 
tinuous  process  with  a  mixed  flora.  Since  the  process  Is  not 
dependent  on  any  one  species,  mutants  developing  more  stringent 
requirements  will  be  overgrown  by  species  growing  more  rapidly 
and  the  mutants  will  be  washed  from  the  system.  A  continuous 
process.  In  fact,  will  favor  microorganisms  that  can  most  effec¬ 
tively  subsist  on  the  waste. 

Bacteriophage  conceivably  could  be  a  problem  to  reliability, 
as  sewage  Is  commonly  used  as  a  source  of  bacterial  viruses.  The 
mixed  flora  of  activated  sludge  reduces  the  probability  of  process 
failure,  however.  A  viral  attack  on  a  key  species  Involved  In 
waste  degradation  could  affect  degradation  for  a  period  of  time 
until  phage  resistance  was  established.  It  Is  more  likely  that 
other  species  competing  for  similar  substrates  would  quickly 
supersede  the  phage -Infected  species. 

Biological  waste  treatment  Is  considered  unsuitable  for  the 
mission  under  study  for  the  following  reasons: 

1.  The  process  does  not  eliminate  the  need  for  other  sub-  • 
systems;  water  must  still  be  recovered  and  solids  must 
still  be  disposed  of  at  the  conclusion  of  processing. 

2.  The  by-products  (CO2,  water,  and  bacterial  cells)  are 
not  required  for  this  mission. 


■*mol  COg  produced  /  mol  0^  consumed 


9 


3.  The  process  can  stabilize  only  k0%  of  the  organic  waste 
during  a  reasonable  time  period. 

4.  The  process  imposes  additional  weight,  volume,  and  power 
requirements  and  Introduces  problems  In  gas-llquld  con¬ 
tacting,  gas-llquld  separation,  and  solid-liquid  separa¬ 
tion  under  zero-gravity  conditions.  These  problems  have 
no  easy  solution,  nor  has  hardware  been  developed  to 
accomplish  this  on  a  small  scale. 

5.  The  process  Is  relatively  inflexible  and  t Ime -dependent . 

6.  The  state-of-the-art  In  the  biological  treatment  of  con¬ 
centrated  waste  is  rudimentary. 

Disposal  of  Mixed  Wastes  by  Vacuum  Distillation  With  Vapor 
t^rolysTs' 

In  this  method,  urine  and  feces  are  collected  separately, 
blended,  and  fed  to  a  still.  The  vapors  are  mixed  with  cabin  air 
and  passed  over  a  catalytic  bed  at  lOOO^C.  Reynolds  and  Konlkoff 
(Ref.  20)  and  Konlkoff  and  Okamotc  (Ref.  9)  developed  and  tested 
an  apparatus  to  perform  this  operation.  This  unit  has  been  suc¬ 
cessfully  ground  tested  and  has  produced  potable  water  and  a  dry 
residue,  with  approximately  90^  water  recovery.  Unfortunately, 
these  Investigations  did  not  give  weight  and  size  relationships, 

A  calculation  of  the  energy  required  to  process  the  average  urinary 
output  of  1  man/day,  based  on  the  rate  of  120  ml  of  water  vapor/ 
hr  over  a  12-hr  period  and  the  method  used  by  Konlkoff  and  Okamoto, 
gave  3700  Btu  or  308  Btu/hr/man,  For  a  7-nian  unit  this  would 
require  2150  Btu/hr  or  0.62  kw  of  power  (weight  penalty  =  I86  lb). 

The  disadvantages  of  the  system  are  equipment  weight,  power 
penalty,  heat-rejectlon  penalty,  weight  of  additional  equipment 
to  provide  mixing  and  blending  under  weightless  conditions,  messy 
transfer  operations,  cabin  air  loss  if  vented  to  space,  or  CO^ 
contamination  if  vented  to  cabin.  This  system  is  more  applicable 
to  longer  missions  where  water  recovery  is  essential. 


Sterilization  and  Storage  of  Mixed  Wastes 

Zeff  et  al.  (Ref.  3I)  discussed  separate  collection  of  feces 
and  urine  and  combined  storage  under  sterile  conditions.  Steri¬ 
lization  prevents  the  decomposition  of  wastes  that  would  present 
problems  of  odor  removal  and  cabin  air  contamination. 

Two  methods  of  sterilization  have  been  considered,  physical 
and  chemical.  In  either  method,  large  storage  vessels  and  com¬ 
plicated  equipment  are  necessary  for  operation  under  weightless 
conditions. 

Physical  Sterilization 

Wet  heat  was  considered  as  a  possible  method  of  waste  steri¬ 
lization  by  Roth  et  al.  (Ref.  21).  Waste  sterilization  by  wet 


heat  (steam)  is  technically  feasible,  because  all  living  systems 
are  destroyed  if  the  waste  is  uniformly  maintained  at  IPl^C  for 
30  minutes.  The  advantages  of  wet-heat  sterilization  are: 

1.  No  consumable  chemicals  are  needed. 

2.  Accidental  contamination  of  cabin  atmosphere  by  chemicals 
is  avoided. 

3.  The  treated  waste  has  no  residual  toxicity. 

The  disadvantages  are: 

1.  The  process  Involves  heat  and  requires  special  containers 
with  means  for  containing  or  disposing  vented  gases  and 
water  vapor.  If  gases  are  vented,  chamber  pressure  must 
be  at  least  30  psla  to  reach  the  necessary  temperature. 

If  gases  are  not  vented,  chamber  pressure  will  be  con¬ 
siderably  higher.  A  minimum  storage  volume  of  12  cubic 
feet  is  required  for  a  7-nian,  30-day  mission. 

2.  Power  failure  leaves  no  means  for  treatment  or  disposal 
of  waste. 

3.  Uniform  distribution  of  heat  in  the  absence  of  gravity 
requires  an  elaborate  mixing  or  stirring  device. 

Chemical  Sterilization 

Chemical  sterilization  of  waste  is  technically  feasible  for 
the  following  reasons: 

1.  Feces  treated  with  ethylene  oxide  gas  (155^)  was  regarded 
as  sterile  by  Sandage  (Ref.  22). 

2.  Agar  contaminated  with  fungus  spores  and  bacteria  was 
sterilized  by  propylene  oxide  (5/^)  .  (See  Thompson  and 
Gerdemann,  Ref.  25.) 

The  advantages  of  chemical  sterilization  are; 

1.  No  power  required  (excluding  mixing). 

2.  No  pressure  hazard. 

3.  Residual  toxicity  prevents  growth  of  microorganisms  in 
event  of  accidental  recontamination  of  treated  waste ^ 

The  disadvantages  of  chemical  sterilization  depend  on  the 
type  of  chemical  sterilant  selected.  However,  by  selecting  the 
proper  chemical  sterilant  there  is  little  likelihood  of  human 
toxicity  or  atmospheric  contamination. 

Oxides  of  ethylene  and  propylene  are  toxic  to  man,  and  they 
are  explosive.  They  require  bulk  storage  and  also  need  special 
chamlDers  for  sterilization.  When  the  gas  is  removed,  the  waste 


11 


I 


has  no  residual  toxicity  to  microorganisms.  Many  chemicals  are 
effective  nterllants  under  special  conditions,  such  as  in  the 
absence  of  resistant  forms  (spores),  I'eslstant  species,  or  in  the 
absence  of  certain  substances  such  as  organic  matter,  soap,  or 
other  chemicals  which  inactivate  the  sterllant.  Thus,  some  bac¬ 
terial  spores  are  not  killed  by  mercurials  or  alcohols.  Some 
bacterial  species  or  Isolates  are  resistant  to  alkyldlmethylbenzyl 
aramonlm  chloride;  this  compound  and  related  compounds  are  inacti¬ 
vated  by  soap.  The  bis-phenols  are  inactivated  by  organic  matter. 
(See  Reddish,  Ref.  19.) 

Both  physical  and  chemical  methods  of  sterilization  for  stor¬ 
age  of  mixed  wastes  are  technically  feasible,  but  they  are  not 
considered  practicable  because  of  high  volume  requirements,  weight 
penalties  for  power  or  storage  of  chemicals,  transfer  problems, 
and  mixing  of  wastes  in  v/elghtless  conditions. 

Sterilization  of  Mixed  Wastes  and  Venting  to  Space 

Another  concept  considered  was  the  collection  of  mixed  wastes 
on  a  dally  basis  and  dumping  to  space  after  sterilization.  Either 
wet  (steam)  sterilization  or  chemical  disinfection  could  be  used 
for  this  purpose.  Thie  same  problems  of  mixing  and  sterilizing 
under  weightless  conditions  will  be  present,  but  the  volume  will 
be  considerably  less. 

There  is  no  general  agreement  as  to  the  concept  of  sterility, 
short  of  chemical  decomposition.  One  criterion  applicable  to  the 
question  of  sterility  of  waste  vented  to  space  is  that  the  total 
biotic  contribution  from  waste  disposal  be  no  more  than  the  biotic 
contribution  from  other  sources.  (See  Jaffe,  Ref  8.)  This  cri¬ 
terion  can  be  satisfied  by  rigorous  microbiological  assay  of  both 
sources . 

It  is  assumed  that  microorganisms  are  carried  into  space  by 
nearly  every  space  vehicle  launched.  Additional  microorganisms 
are  added  to  space  by  space  vehicle  components  (solar  panels, 
balloons,  etc.)  which  unfold  or  deploy  after  the  vehicle  leaves 
the  earth's  atmospher’e,  and  other  microorganisms  can  be  released 
into  space  by  accidental  puncture  (meteorite)  or  rupture  of  space 
vehicles.  It  is  also  possible  that  microorganisms  have  been 
carried  beyond  the  earth's  atmosphere  through  their  own  inertia 
after  being  accelerated  upward  by  air  currents  caused  by  nuclear 
explosions  or  weather  conditions. 

A  possible  source  of  nonsterility  of  vented  waste  is  one  of 
treatment  variability.  It  l-s  well  known  that  sterilization  proc¬ 
esses  on  earth  sometimes  fall  due  to  himian  error  or  natural  vari¬ 
ability  of  materials.  A  second  cause  for  Incomplete  sterilization 
is  that  the  process  is  usually  carried  out  near  the  minimum  effec¬ 
tive  level  for  reasons  of  economy  or  for  preservation  of  substances. 
For  space  application,  the  treatment  used  would  be  in  excess  of 
established  minimum  effective  levels.  Although  in  a  laboratory 
test,  the  toxicant  is  removed  to  determine  death  versus  inhibition 
of  organisms;  in  space  practice,  the  toxic  residue  would  remain 
present  indefinitely. 
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1, 

2. 

3. 

h. 


methods,  chemical  sterilization  appears  more 
because  no  power  is  required  for  heating  and  no  special 
pressure  designed  equipment  is  necessary.  Of  all  the  methods  of 
reatment,  chemical  disinfection  and  venting  to  space  have  the 

of  volume  penalties.  At  the  present  state 

of  space  station  technology;  however,  the  venting  of  sterile 
mixed  wastes  may  be  considered  inadvisable  because; 

Intimate  mixing  is  required  to  ensure  sterility. 

^e  ejection  of  mass  with  velocity  will  Introduce  effects 
on  the  guidance  and  speed  of  the  vehicle. 

ionlzable  salts,  may  set  up  ionized 
fields  in  space  that  will  Interfere  with  communication. 

ejection  of  wastes  to  space,  some  cabin  air 
Will  De  lost. 

divided  so  that  particles 

Will  not  act  the  same  as  micrometeorites  and  penetrate 
the  space  vehicle  on  successive  orbits. ' 

6.  There  is  no  possibility  of  water  recovery. 

PROCESS  DISCUSSION  -  QUANTITATIVE 

Freeze  Drying  of  Mixed  Wastes 

This  process  is  described  by  Zeff  et  al.  feef.  Their  worir 

for  mixed^wflJt^^®  testing  a  prototype  vacuum  freeze-dry  unit 

The  wKer°?n  thp®  vessel  was  evacuated  before  urine  was  fed 

be  11  L/^'^by  calculated  as  10  cc/gm  and  found  to 

rRef  using  the  method  of  Zeff  et  al 

Assuming  that  all  water  is  vaporized  daily,  the  volume 
required  for  any  mission  in  terns  of  man-days  is; 

V  =  (1530  +  170  V„D)M 

s 
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where : 


V  is  voliJme  In  cc,  V_  is  bulk  density  of  solids  In 

s 

cc/gm,  D  Is  the  length  of  mission  In  days,  and  M  Is 
the  crew  size. 

Prom  this  relationship  it  can  be  readily  seen  that  the  primary 
factor  affecting  the  storage  volume  is  crew  size,  and  the  secondary 
factor  Is  length  of  mission. 

Based  on  these  computations,  a  weight -and -volume  penalty 
analysis  was  made  as  given  In  Table  II.  Weight  penalties  are  also 
shown  graphically  In  Figure  1  for  crews  of  6,  7»  ?1  nien,  and 

missions  from  l4  to  30  days.  For  sample  calculations,  see  Appendix 
I,  PP  56-58. 

Incineration  of  Feces 


This  process  was  described  by  Nuccio  et  al.  (Ref.  I7)  and 
deals  with  the  disposal  of  feces  (collected  and  bagged)  and  other 
solid  wastes  by  thermal  decomposition  and  Incineration.  Prom  this 
report.  It  was  concluded  that:  incineration  with  cabin  air  or 
oxygen  with  venting  of  vapors  to  space  is  better  than  thermal 
decomposition  because.  In  Incineration,  the  products  of  combustion 
are  water  vapor,  carbon  dioxide,  and  nitrogen;  whereas  in  thermal 
decomposition,  thermal  cracking  of  the  hydrocarbon  material  to 
carbon  and  hydrogen  Is  not  complete  and  tarry  vapors  tend  to  con¬ 
dense  and  stop  up  vents. 

In  Incineration  with  stoichiometric  quantities  of  oxygen  or 
air,  combustion  Is  not  complete,  as  evidenced  by  tarry  deposit. 
This  should  not  occur  with  20$^  excess  oxygen.  Methods  of  calcu¬ 
lating  power  requirements  were  not  checked  by  the  experimental 
data.  Here  again  extraneous  material.  Including  garbage,  food 
tubes,  and  sponge  wipes  were  Incinerated.  Since  this  study  Is 
for  the  Incineration  of  feces,  fecal  bags,  and  tissue  only,  the 
calculation  process  Is  simplified.  To  determine  power  require¬ 
ments,  the  same  heat  balance  method  was  used  In  this  study  as  was 
set  up  by  Nuccio  et  al.  (Ref.  17)>  namely  that: 

^nput  ^^c’^’^net  heats  of  combustion  “  ^sensible  wastes 
^sensible  system  fusion  ^latent  “Sensible  gases 
bosses* 

Of  these  heat  quantities,  the  net  heats  of  combustion  are 
assumed  equal  to  the  sensible  heat  of  the  system  plus  heat  losses. 

Ttius : 

The  equation  becomes: 

%nput  “  ^sensible  wastes  fusion  latent 
^sensible  gases. 
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TABLE  II 


WEIGHT  AND  VOLUME  PENALTIES  -  PPBIEZE-DRY  PROCESS  -  FROZEN  STORAGE 


ight  Penalty  (Lb) 


These  quantities  can  be  estimated  or  calculated  for  the  amounts  of 
wastes  considered  in  this  study. 


A  series  of  calculations  v/as  made  (see  Appendix  I,  pp  50-6^) 
and  the  resents  listed  in  Table  III  and  represented  graphically  in 
Figure  2.  These  figures  are  based  on  crew  sizes  ox*  6,  7  and  21 
men  for  missions  from  14  to  30  days. 


*.  these  calculations,  the  wastes  were  assumed  to  be  incin¬ 
erated  with  stored  oxygen.  Since  all  the  gases  are  vented  to 
space,  incineration  with  cabin  air  would  result  in  a  tremendous 
weighb  penalty,  because  the  nitrogen  voided  would  have  to  be 
replaced  from  storage. 


weight  penalties  for  power  and  oxygen  are  the  determining 
weight ^penalty^  auxiliaries  comprise  60^  of  the 

Sealing  and  Storing  of  Feces  in  Cans 

Roth  et  al.  (Ref.  21)  recommended  the  lodophor  germicides 
(particularly  West  #1443)  for  food-waste  treatment  in  spacecraft 

antiseptic  is  used  in  conjunction  with  a  gas- 
close-fitting  lid  as  a  pressure  vessel.  Roth  et  al. 
state  that  ^^e  principal  disadvantage  in  the  use  of  these  germicides 

mixing  liquids  and  solids  under  weightless 
conditions.  (Thorough  shaking  of  containers  might  be  an  effective 
way  of  achieving  contact  of  waste  and  preservative.) 

LaChance*  mentioned  that  when  fresh  feezes  were  stored  in  four 
sealed  cans  for  over  two  months,  6  psig  was  the  highest  recorded 
pressure  in  one  of  the  cans,  and  this  gradually  returned  to  2  psig 
and  remained  at  this  pressure.  ° 

^eaton  et  al.  (Ref.  29)  reported  that  untreated  fecal  material 
stored  in  sealed  containers  at  30^0  produced  gases  within  the  con- 
that  reached  pressures  as  high  as  33  psla.  The  gases  pro¬ 
duced  consisted  mainly  of  carbon  di  xlde,  methane,  hydrogen,  and 
hydrogen  sulfide.  The  pressure  in  the  containers  Increased  most 
rapidly  during  the  first  four  days  of  storage.  The  pressure  pro¬ 
duced  by  any  one  sample  was  dependent  on  the  head  space  of  the 
container. 

Jtollman  and  Chandler  (Ref.  12)  reported  that  colloidal  iodine 
j  to  penetrate  and  destroy  bacteria  embedded  In  finely 

j  avian  fecal  matter,  whereas  a  number  of 

other  disinfectants  were  not  successful* 


feces  storage  were  performed  at 

General  I^namlcs/Electrlc  Boat.  In  one  preliminary  experiment, 
feces  prese^ed  In  sealed  plastic  bags  at  40°?  showed  no  gas  pro- 

hours.  Feces  treated  with  benzalkonlum 
?ooSi  (bag)  showed  no  gas  production  at  the  end  of  7?  hours  at 

40  P  and  were  sterile  when  cultured  for  bacteria  at  the  end  of  24 


*-La Chance,  f.a..  Personal  Communication. 
Laboratories,  Wright -Patterson  AFB,  Ohio, 


Aerospace  Medical 
October,  I962. 


Research 
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TABLE  III 


WEIGHT  AND  VOLUME  PENALTIES  -  INCINERATION  OP  FECES  WITH  OXYGEN 


Penalty  Item 

[EeBSI 

Hil 

1 

W^ght 

(lb) 

Bags  and  Tissue 

9.2 

19.9 

10.8 

23.1 

32.4 

69.3 

Cylindrical  Shell 

24.2 

24.2 

wm 

27.0 

81.0 

81.0 

Door  and  Lock 

6. 0 

6.0 

D 

6.0 

18.0 

18.0 

V 

Insulation 

40.0 

40.0  ^ 

44.0 

44.0 

132.0 

132.0 

Inst  rument  s  and 
Accessories 

Sub  Total 

12.0 

12.0 

12.0 

12.0 

36.0 

36.0 

91.4 

99.8 

112.1 

299.4 

336.3 

Power  Penalty 

27.6 

27.6 

33.0 

33.0 

99.0 

99.0 

0^  Required 

23.7 

50.7 

28.0 

60.0 

84.0 

180.0 

Og  Container 

23.7 

50.7 

28.0 

60.0 

84.0 

180.0 

'  Cabin  Air  Loss 

N  E  G  ; 

.  I  G  I  : 

3  L  E 

Collection  Seat 

3.0 

3.0 

3.0 

3.0 

9.0 

9.0 

TOTAL  WEIGHT 

msm 

191.8 

268.1 

IdrJdim 

804.3 

Volume (cubic  feet) 

Shell  and  Insula. 

1.87 

2.10 

2.10 

6.30 

6.30 

Instruments  and 
Accessories 

0.50 

0.50 

1.50 

1.50 

Storage  Bags  and 
Tissue 

0.15 

0.32 

0.17 

0.37 

0.52 

1.11 

Og  and  Containers 

2.20 

4.40 

2.20 

4.40 

6.60 

13.20 

Volume  Collection 
Seat 

0.50 

0.50 

0.50 

0.50 

1.50 

1.50 

TOTAL  VOLUME 

5.22 

MR^ 

m 

HRl 

16.42 

WIMim 

10 


% 
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hours.  In  other  preliminary  experiments,  feces  were  again  treated 
with  BAG.  These  feces  were  incubated  at  98.6op;  the  treated  feces 
produced  somewhat  less  gas  than  the  controls.  Treated  feces  sam¬ 
ples  examined  after  48  hours  were  not  sterile.  Gas  production  was 
measured  visually  by  the  amount  of  inflation  of  the  sealed  plastic 
bags. 


In  another  experiment,  three  No.  3  sanitary  tin  cans  were 
used  in  feces  storage  tests.  To  the  first  can.  111  gm  of  fresh 
feces  and  30  ml  of  a  solution  containing  1^  BAG  and  1^  sodium 
nitrite  were  added;  to  the  second  can,  71  ol*  feces  and  30  ^t^I 
of  the  same  antiseptic  antirust  solution.  One  hundred  milliliters 
of  water  were  added  to  the  third  can,  which  was  used  as  a  control. 
The  cans  were  sealed,  shaken,  and  then  placed  in  an  Incubator  at 
98.6®P  for  23  days.  When  removed  and  allowed  to  cool  to  room 
temperature,  the  first  and  second  cans  were  slightly  bulged  and 
the  control  can  appeared  normal.  The  cans  were  then  stored  at 
room  temperature  for  over  9  months  with  no  apparent  change  in 
pressure  or  leakage. 

To  check  on  corrosion,  four  commercial  tin  cans  were  pre¬ 
pared  by  adding  30  ml  of  the  following: 

1.  13^  benzalkonium  chloride  (BAG)  solution 

2.  5^  BAG  solution 

3.  water 

4.  BAG,  1^  sodium  nitrite 

The  first  three  cans  showed  signs  of  rust  within  24  hours, 
the  last  can  showed  no  rust  even  at  the  end  of  two  weeks.  The 
open  cans  were  stored  at  room  temperature  for  this  test. 

It  therefore  appears  feasible  to  store  feces  in  conventional, 
sanitary,  tinned  cans  using  benzalkonium  chloride  as  an  antiseptic 
and  sodium  nitrite  as  an  anti-rust  agent.  Although  the  feces  are 
not  sterilized  using  this  agent  (as  witnessed  by  the  slight 
swelling  of  the  cans  in  the  above  tests),  there  is  sufficient 
inhibition  to  prevent  rupture  of  the  can  when  stored  for  the 
length  of  the  mission.  The  feces  of  3  to  5  men  will  fit  into 
one  No.  3  can  (l-llter  capacity)  leaving  about  50%  headspace. 

About  2  oz.  of  antiseptic,  anti-rust  solution  (10^  BAG  for  10  x 
safety  factor,  sodium  nitrite)  should  be  added  to  each  can 
before  sealing  and  shaking. 

A  standard,  quart  paint  can  with  a  special  friction  lid 
seems  satisfactory  for  this  service.  Its  use  would  eliminate 
the  hand-operated,  double-seamer  required  to  close  a  sanitary  seal 
can  and  would  be  dependent  on  laboratory  testing. 

A  quantitative  analysis  of  the  weight  and  volume  penalties 
for  various  crew  sizes  and  mission  lengths  is  shown  in  Table  IV 
and  is  represented  graphically  in  Figure  .'or  sample  calcula¬ 
tions,  see  Appendix  I,  p  64 , 
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TABLE  IV 


; 

WEIGHT  AND  VOLUME  PENALTIES  -  STORAGE  OP  FECES  IN  CANS 


Penalty  Item 

6  men 
30  days 

7  men 
30  days 

21  men 

30  days 

1 - Weight  (lb) - - - 1 

Bags  and  Wipes 

9.7 

19.9 

10.8 

23.1 

32.4 

69.5 

Cans ,  Mpty 

8.9 

19.2 

10.6 

22.4 

31.8 

67.0 

Sterllant  (10^ 

BAC  Solution) 

3.5 

7.5 

4.1 

8.7 

12.3 

26.1 

Hand  Seamer 

5.5 

5.5 

5.5 

5.5 

16.5 

16.5 

Cabin  Air  Loss 

N  E  ( 

3  L  I  G  : 

:  B  L  E 

Weight  of 

Collection  Seat 

3.0 

3.0 

3.0 

3.0 

9.0 

9.0 

TOTAL  WEIGHT 

wmm 

34.0 

62.7 

102.0 

188.1 

Volume (cubic  feet) 

Penalty  Vol.  above 
Vol.  Req'd  for 

Solid  Packed  Poods 
-Cans  and  Racks 

0.33 

0.70 

0.39 

0.82 

1.15 

2.50 

Bags  and  Wipes 

0.15 

0.32 

0.17 

0.37 

0.52 

1.11 

Sterllant 

0.06 

0.12 

0.07 

0.14 

0.21 

0.42 

Volume  of  Seat 

0.50 

0.50 

0.50 

0.50 

1.50 

1.50 

TOTAL  \uLUME 

1.04 

1.64 

1.13 

1.83 

3.38 

5.50 
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The  volume  penalty  for  storage  in  cans  was  derived  by  sub¬ 
tracting  the  volume  of  solid-packed,  square  cross-section  food 
packages  from  the  volume  of  an  equivalent  number  of  cans  packed 
with  food  in  tracked  racks.  The  interstitial  voids  of  tangent 
cylinders  on  equal  centers  (not  staggered)  make  up  for  most  of 
the  additional  volume.  When  the  food  in  the  cans  is  consumed, 
the  feces  is  placed  in  these  empty  cans,  sealed,  suitably  marked, 
and  put  in  an  empty  space  in  the  canned  food  rack. 

Combined  Collection  and  Storage  of  Feces 

This  system  concept  was  developed  at  General  Dynamics/Electric 
Boat  and  is  novel  in  that  it  integrates  fecal  collection  and 
storage.  This  eliminates  any  transport  of  fecal  collection  bags 
or  other  devices  by  the  crew  member,  reduces  the  amount  of  neces¬ 
sary  hardware,  and  utilizes  a  very  simple  operating  procedure. 

From  a  psychological  standpoint,  the  appearance  and  use  aspects 
are  similar  to  those  of  a  conventional  toilet. 

A  complete  description  of  the  proposed  system  is  given  in 
Section  8. 

Briefly,  the  fecal  storage  unit  comprises  a  built-up  fiber¬ 
glass  sphere,  with  a  perforated,  fiberglass.-plastlc,  inner  liner, 
and  a  felt  impingement  liner  to  act  as  a  filter.  There  is  a  4- 
Inch  opening  in  the  top,  with  a  removable  pressure-seal  cover. 

Ihere  is  a  bottom  outlet  which  is  piped  to  a  3-port,  2-positlon 
valve,  llils  valve  allows  air  to  flow  from  the  collection  tank, 
and  be  pulled  by  a  small  blower  throiagh  a  charcoal  and  bacterial 
filter,  and  back  to  the  cabin  atmosphere.  During  defecation,  air 
flow  enters  through  anterior  and  posterior  openings  made  by  the 
body  at  such  a  velocity  as  to  accelerate  the  fecal  stool  to  the 
impingement  barrier.  After  defecation  and  disposal  of  wipes, 
the  lid  is  replaced  and  some  of  the  air  pumped  by  the  blower  to 
the  cabin  through  the  deodorizing  and  bacterial  filters.  The 
valve  is  then  turned  to  the  overboard  position  and  full  vacuum 
applied  for  a  short  period. 

A  set  of  calculations  was  made  for  weight  and  volume  penalties 
for  this  system  and  the  results  tabulated  in  Table  V  and  shown 
graphically  in  Figure  4.  Sample  calculations  appear  in  Appendix 
I,  pp.  65-68. 

A  breadboard  mockup  of  this  system  was  built  and  the  results 
of  tests  cojfid acted  are  reported  in  Section  7  of  this  report. 
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TABLE  V 


WEIGHT  AND  VOLUME  PENALTIES 
COIfflINED  COLLECTION  AND  STORAGE  OP  FECES 


Penalty  Item 

6  men 
14  days 

6  men 
30  days 

7  men 
14  days 

7  men 
30  days 

21  men 
14  days 

21  men 

30  days 

Weight (Tb)  ^ 

Tissue  and  Wipes 

0.32 

0.68 

0.38 

0.80 

1.14 

2.40 

Equipment 

6.03 

7.53 

6.47 

8.80 

19.41 

26.29 

Blower 

3.50 

3.50 

3.50 

3.50 

10.50 

10.50 

Power  Penalty 

4.90 

4.90 

4.90 

4.90 

14.70 

14.70 

r:aoin  Air  Loss 

1.00 

3.50 

1.20 

4.00 

3.60 

12.00 

TOTAL  WEIGHT 

UBS 

20.11 

■aaa 

22.00 

49.35 

65.89 

Volume (cubic  feet) 

Storage  Vol.  Wipes 

o 

• 

o 

0.02 

0.01 

0.02 

0.03 

0.08 

Volme  of  Sphere 

0.6? 

1.24 

0.75 

1.45 

2.25 

4.40 

Volume  of  Access. 

0.50 

0.50 

0.50 

0.50 

1.50 

1.50 

TOTAL  VOLUME 

1.18 

msBS 

1.26 

5.98 

Ity  (Lb) 


no 


Length  of  Mission  in  Days 

FIGURE  4.  COMBINED  COLLECTION  AND  STORAGE  OF 
FECES  IN  SPHERICAL  CONTAINER 
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SECTION  5 
URINE  HANDLING 


URINE  COLLECTION 

Most  investigators  in  this  field  have  specified  the  use  of 
plastic  urinals  for  collection  of  urine  and  transfer  of  the  con¬ 
tents  to  an  intermediate  storage  tank,  or,  venting  to  space. 

developed  a  thln-vfalled,  anti-static  latex 
ag  urinal,  molded  flat  and  tapered  at  the  closed  end.  The  urinal 
section  at  its  open  end.  The  design  of  the  urinal 
excludes  entrapped  air  and  consequent  back  pressure  during  urina- 
tlon.  The  original  design  has  been  improved  in  that  the  penile 
adapter  is  provided  with  a  disposable  paper  liner  treated  with  a 
sterilizing  agent  for  prophylaxis.  The  conical  section  of  the 

urinal  is  designed  to  fit  over  an  adapter  attached 
storage  tank.  Disinfectant  tablets  are  provided  to 

sterilize  urine;  one  tablet  is  placed  in  the  urinal 
before  each  urination. 

^  semirigid  plastic,  bello«s-type  oollec- 
tor,  and  the  Whirlpool  Corporation  of  St.  Joseph,  Michigan*  used 
a  spring-wound,  centrifugal  collector. 

Weight  trade-off  studies  between  these  three  collecting  de- 
not  warranted  since  their  weights  are  roughly  the  same 
and  ^hey  weigh  only  a  small  fraction  of  the  complete  waste  system. 

STERILIZATION  AND  VENTING  OP  URINE 

General 

fA  from  normal  subjects  is  sterile  when  voided.  No  dif¬ 

ficulty  is  foreseen  in  the  treatment  of  urine  with  chemical  agents 
to  ensure  sterility  before  venting  to  space.  On  the  other  hand, 
sediments  and  precipitates  form  in  urine  on  standing,  and  these 
must  be  considered  in  the  design  of  tubing  and  storage  tanks. 

Sterilizing  agents  should  be  placed  in  the  urinal  prior  to 
each  use.  These  serve  the  dual  purpose  of  (a)  preventing  odor 
and  bacteria  buildup  within  the  urinal,  and  b)  sterilizing  its 
contents  prior  to  disposal  overboard.  Although  normal  urine  is 

bacteria  free,  it  can  be  readily  contaminated  by 
contact  with  nonsterlle  surfaces.  Therefore,  this  pretreatment 

is  essential  to  ensure  a  sterile  condition  of  the  urine  prior  to 
venting  overboard.  i/o 

hv  preserved  for  ollnloal  examination 

by  treatment  with  chemical  preservatives  when  refrigeration  was 
inconvenient.  The  preservative  of  choice  has  been  toluene,  but 
camphor,  thymol,  formaldehyde,  and  methenamlne  with  salicylic 

♦Verbal  communication.  May  1963. 
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acid  have  also  been  used.  (See  Hawk  et  al..  Ref.  6.)  Toluene  Is 
used  by  simply  overlaying  the  urine  with  a  thin  film  of  It.  Form¬ 
aldehyde  Is  used  In  the  proportion  of  2  drops  per  50  ml  of  urine. 
This  would  be  a  concentration  0.2^  of  a  37%  formaldehyde  solution. 

A  bit  of  camphor  or  thymol  (about  0,1%)  sufficient  to  give  a  satu¬ 
rated  solution  Is  also  a  satisfactory  urine  preservative.  Methena- 
mlne  (0.3^)  with  salicylic  acid  (0.2^)  Is  used.  These  substances 
produce  formaldehyde  In  solution. 

Sandage  (Ref.  22)  believes  that  all  physical  methods  of  waste 
sterilization  except  filtration  have  weight,  space,  or  power  re¬ 
quirements  that  eliminate  them  from  consideration  or  study  for 
purposes  of  application  In  a  space  vehicle;  however,  calculations 
are  not  given.  Passing  urine  through  a  bacteriological  filter  as 
It  Is  vented  Into  space  may  be  suitable  for  backup  use. 

During  preliminary  work  at  General  Dynamlcs/Electrlc  Boat, 
the  addition  of  boric  acid  (1  gm)  to  urine  (100  ml)  kept  It  clear 
and  Inhibited  odor  changes  for  three  days.  After  this  period, 
slight  clouding  occurred.  At  the  end  of  two  weeks,  there  was  no 
change  In  urine  odor  (no  ammonia  odor) . 

In  other  experiments  to  check  on  urine  preservation  odor 
change,  production  of  ammonia  was  used  as  a  criterion  of  preser¬ 
vation.  Fresh  urine  samples  125,  200,  and  300  ml  were  each 
treated  with  one  precrijshed  tablet  of  a  proprietary  qAiartemary 
antiseptic  (Dlaparene)  containing  0.1  gm  active  Ingredient. 

There  was  no  change  In  odor  after  two  weeks  storage  In  unsealed 
plastic  bottles. 

Four  urine  samples  from  different  subjects  were  treated  with 
a  solution  of  1%  benzalkonlum  chloride  (BAG)  and  1%  sodium  nitrite. 
The  concentrations  used  were  1.5,  1.0,  0.35,  and  0.15^  of  the  pre¬ 
servative  solution.  Odor  change  was  used  as  an  Index  of  decom¬ 
position.  The  samples  were  stored  In  plastic  bottles  at  room 
temperature  open  to  air.  There  was  no  observable  change  In  odor 
In  any  sample  after  two  weeks  of  storage. 

The  untreated  controls  used  In  the  above  studies  all  devel¬ 
oped  the  characteristic  ammonlacal  urine  odor  on  standing. 

Sterilization  of  Urine 


Any  number  of  chemical  agents  are  satisfactory  for  the  steri¬ 
lization  of  urine.  Benzalkonlum  chloride  (BAG)  could  be  chosen 
because  of  Its  effectiveness  In  preliminary  tests  and  to  avoid 
duplication  since  It  has  been  suggested  for  Inhibition  of  gas 
production  In  feces.  However,  It  Is  felt  that  since  the  urine  Is 
to  be  collected  and  stored  separately,  an  uncrushed  Dlaparene 
tablet,  or  Its  equivalent,  can  be  added  to  the  plastic  urinal  Just 
prior  to  each  use.  This  will  ensure  sterility  and  stability  for 
a  24-hour  period,  and  will  be  satisfactory  for  short-term  storage 
or  venting  to  space. 
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Venting 


The  venting  of  sterile  urine  to  space  has  some  of  the  same 
disadvantages  as  the  venting  of  mixed  wastes;  namely,  possible 
effect  on  vehicle  speed  and  guidance,  possible  Interference  with 
communications,  and  no  possibility  of  water  recovery. 

STORAGE  AND  DISPOSAL  OP  URINE 

Storage 


Urine  collected  In  the  plastic  urinal  is  discharged  to  a 
spherical  tank  with  an  internal  bladder.  The  shell  side  of  the 
bladder  has  a  vacuum  and  pressure  connection.  In  the  transfer 
cycle  from  urinal  to  tank,  negative  pressure  Is  applied  to  the 
shell  allowing  the  bladder  to  expand  and  accept  the  charge  from 
the  urinal.  After  one  day's  urine  waste  Is  collected,  an  outlet 
from  the  bladder  Is  opened  and,  by  applying  pressure,  the  urine 
Is  forced  out  either  to  an  overboard  vent  or  to  a  water-recovery 
process. 

Disposal 

Systems  for  the  recovery  of  usable  products  from  urine  and 
feces  are  not  Included  In  the  scope  of  this  analysis.  However, 
Intermediate  storage  of  urine  is  desirable  to  allow  water  recovery. 

Most  Investigators  have  determined  that  man  will  require 
roughly  5  Ib/day  of  potable  water.  Of  this  amount,  about  ?  lb 
can  be  recovered  as  potable  water  from  the  cabin  air  conditioning 
system  leaving  a  remainder  of  3  It)  to  be  supplied  as  stored  sup¬ 
plies,  recovered  from  urine,  or  recovered  from  fuel  cells.  Since 
one  of  the  premises  upon  which  this  study  Is  based  Is  a  solar 
panel-battery  power  source,  recovery  of  water  from  a  fuel  cell 
cannot  be  considered.  The  amount  of  urine/man/day  has  been 
stated  as  I5OO  cc  or  3.3  lb.  Of  this  weight,  5^  constitutes 
solids.  Assuming  that  of  the  water  that  could  be  recovered 
would  be  potable,  3  lb  of  potable  water  would  be  provided,  elim¬ 
inating  water  storage  bulk  and  weight  at  take  off.  Thus,  a  6 -man, 
l4-day  mission  would  require  252  Ib^of  water,  and  a  6-man,  30-day 
mission  would  require  540  lb  of  water. 

Using  power  to  drive  a  vapor-compression  (VC)  water-recovery 
atm,  an  approximate  estimate  for  6  men  would  be  an  equipment 
weight  of  50  lb  and  a  power  requirement  of  3OO  watts  or  an  addi¬ 
tional  90  lb. 

For  this  size  crew,  the  equation  of  Wallman  and  Barnett  (Ref. 
28)  can  be  modified  to  the  form: 

W  =  140  +  M(6  +  0.2D) 
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Where : 


W  =  total  weight  penalty 
M  =  crew  size 

6  lb  =s  two  days  stored  water  per  man 
D  =  length  of  mission  in  days 
0.2  =  weight  of  expendables  per  day 

Thus,  for  a  6-man  mission  the  weight  penalties  for  l4  and  30  days 
are  193  and  212  lb  respectively. 

Calculations  were  also  made  for  a  7-nian  crew.  These  weights 
are  compared  graphically  in  Figure  5*  The  Indications  are  that 
water  recovery  from  urine  with  the  present  stated  source  of  power 
would  be  necessary  after  eight  days  for  a  7-nian  crew  and  ten  days 
for  a  6-man  crew. 

The  choice  of  whether  to  vent  urine  or  to  recover  water  from 
urine  will  depend  on  the  development  of  a  fuel  cell  that  will  have 
a  low  weight  penalty  per  unit  of  power  and  that  can  supply  the 
water  lost  by  overboard  venting.  Under  the  present  design  basis, 
water  recovery  from  urine  is  indicated  for  all  missions  considered 
herein. 
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Length  of  Mission  in  Days 

FIGURE  5.  STORED  WATER  VS  WATER  RECOVERY  FROM  URINE 
BY  VAPOR  COMPRESSION  (VC)  DISTILLATION 
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SECTION  6 

PROCESS  EVALUATION  SUMMARY 


QUAIJTATIVE  STUDIES 

Of  the  five  processes  studied  qualitatively,  all  can  be  dis¬ 
qualified  on  a  weight -volume  penalty  basis  except  the  steriliza¬ 
tion  of  mixed  wastes  and  Jettisoning  to  space.  This  process  is 
minimal  in  weight  and  volume;  however,  the  problems  of  -  space  con¬ 
tamination  which  include  indeterminate  effects  on  vehicle  speed, 
guidance  and  attitude,  possibility  of  communications  interruption, 
and  formation  of  clouds  of  particulate  matter  that  the  vehicle 
might  have  to  pass  through  in  successive  orbits,  make  this  method 
undesirable.  Ihis  process  also  precludes  the  possibility  of  any 
water  recovery. 

QUANTITATIVE  STUDIES 

The  four  processes  studied  quantitatively  were  chosen  because 
they  appeared  to  have  low  weight  and  volume  characteristics,  and 
because  they  are  developed  to  the  point  that  allows  reasonable 
engineering  estimates  to  be  made. 

Graphs  have  been  prepared  to  show  weight  penalties  vs  mission 
time  for  these  four  processes  for  crew  sizes  of  6,  7,  and  21  men. 
The  comparisons  are  shown  in  Figures  6,  7,  and  8,  respectively. 

These  graphs  indicate  that  the  combined  collection,  storage, 
and  partial  drying  by  space  vacuum  is  the  lowest  in  weight,  in¬ 
cineration  is  the  highest  in  weight,  and  canned  storage  and  freeze 
drying  of  combined  wastes  are  about  equal. 

The  volume  relationships  are  shown  in  Figures  9,  10,  and  11. 
The  canned  storage  process  requires  minimum  volume  for  all  crew 
sizes  and  missions.  However,  the  combined  collection  and  storage 
system  requires  next  to  minimum.  Both  systems  are  very  low  in 
volume  required,  and  with  reference  to  the  module  concept,  which 
takes  7  nien  as  a  unit  basis,  the  volume  for  the  combined  storage 
concept  is  about  1.25  cubic  feet  as  compared  to  1.13  cubic  feet 
for  the  canned  storage  system.  Since  both  remaining  systems, 
incineration  and  freeze  drying,  are  high  in  weight  as  well  as 
volume,  the  final  selection  of  the  optimum  process  will  be  made 
between  the  storage  of  canned  feces  and  the  combined  collection, 
storage,  and  partial  drying  of  feces. 

Table  VT  has  been  prepared  rating  the  two  systems.  Ibe  sys¬ 
tem  having  better  perfomance  for  each  heading  considered  is  given 
a  value  of  1  and  the  other  a  value  of  2.  The  lowest  cumulative 
total  denotes  the  optimum  process.  , 
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Weight  Penalty  (Lb) 


FIGURE  6.  WEIGHT  COMPARISON  OF  SYSTEMS  (6-MAN  CREW) 
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Weight  Penalty  (Lb) 


Length  of  Mission  in  Days 

FIGURE  7.  WEIGHT  COMPARISON  OF  SYSTEMS  (7-MAN  CREW) 
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Weight  Penalty  (Lb) 


figure  8.  WEIGHT  COMPARISON  OF  SYSTEMS  (21 -MAN  CREW) 
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4  6  8  10  12  14  16  18  20  2i  24  26  28  30 

Length  of  Mission  in  Days 


FIGURE  9.  VOLUME  COMPARISON  OF  SYSTEMS 

(6-MAN  CREW) 
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LECtWPi 


1. 


Length  of  Mission  in  Days 

FiGURL*  IQ.  VOLUME  COMPARISON  OF  SYSTEMS 

(7.MAN  CREW) 
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Volume  (cu.  ft.) 


Length  of  Mission  in  Days 

FIGURE  11.  VOLUME  COMPARISON  OF  SYSTEMS 
(21 -MAN  CREW) 
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TABLE  VI 


COMBINED  COLLECTION  AND  STORAGE  VS  CANNED  STORAGE 

(Peces) 


ITEM 

COMBINED  COLLECTION 
AND  STORAGE 

STORAGE 
IN  CANS 

Total  Weight  (including  power 

penalty) 

1 

2 

Volume 

2 

1 

Reliability,  Safety,  and 

1-1/2 

1-1/2 

Simplicity 

De g re Cabin  Air  Contamination 

1 

2 

Operating,  Trmsfer,  and 

Maintenance  ^qulrements 

1 

2 

Operability  In  0  g  field 

8 

The  approach  having  the  optlmxjm  potential  for  use  In  a  space 
station  waste  management  system  Is  obviously  one  based  on  combined 
collection,  storage,  and  partial  drying  of  feces.  This  system  has 
a  real  advantage  In  that  once  defecation  Is  accomplished,  the  feces 
are  not  handled  In  any  manner.  During  defecation  and  In  Initial 
draw-down  of  vessel  pressure,  odor  control  Is  readily  accomplished 
by  the  activated  carbon  filter.  Evacuation  of  some  of  the  cabin 
air  In  the  collector  back  to  the  cabin  reduces  cabin  air  loss  to 
a  minimum,  Ihe  collection  unit  assembly  Is  light  and  small  and. 

If  mlsk’lons  longer  than  30  days  are  necessary,  spare  units  can  be 
furnished  along  with  food  on  resupply  trips;  and  the  filled  con¬ 
tainers  can  be  ferried  back  to  earth.  Another  advantage  of  the 
collection  sphere  Is  that  the  decomposition  rate  would  be  lowered 
because  of  partial  drying,  and  maximum  pressure  buildup  In  the 
sealed  sphere  would  be  reduced. 

The  power  required  to  operate  the  blower  would  be  less  than 
0.05  hp  and  would  be  required  only  during  and  Immediately  after 
defecation.  For  a  7-nian  crew,  this  would  average  about  1  hour 
per  day  or  less. 


38 


> 

SECTION  7 

EXPERIMENTAL  WORK  -  BREADBOARD  MOCKUP  STUDIES 


OBJECTIVE 

objective  of  the  breadboard  study  was  to  demonsjtrate  the 
feasibility  of  the  selected  approach  by  testing:  (a)  pressure 
buildup  In  partially  dried  feces  over  a  30-day  period,  (b)  the 
ability  of  activated  charcoal  to  remove  odors,  and  (c)  the  removal 
of  bacteria  from  the  air  stream  by  a  Mllllpore  fjlter. 

DESCRIPTION  OP  EQUIPMENT 

A  2-gallon  pressure  tank  was  modified  by  Inserting  an  Inner 
cylindrical  liner  of  l6-mesh,  aluminum  wire  screen  covered  with 
4  oz.  nylon  felt  on  sides  and  bottom.  The  cylinder  was  sized  to 
allow  a  1/2-lnch  annular  space  between  the  screen  and  the  pressure 
vessel  wall.  One  connection  In  the  lid  was  connected  to  an  In¬ 
ternal  1/4-lnch  OD  copper  tube  leading  to  the  bottom  of  the  Inter- 
cyllnder  space.  Ihls  line  was  valved  to  Isolate  the  collection 
device  after  evacuation.  Another  connection,  with  two  external 
needle  valves,  led  to  the  feces  side  of  the  collecting  cylinder. 
One  valve  controlled  a  line  to  a  40-lnch  mercury  manometer,  the 
other  controlled  an  air  bleed  line  from  the  ambient  air.  This 
air  passed  through  a  bacterial  filter  and  rotometer.  The  top 
amular  space  was  sealed  with  a  sponge  rubber  gasket.  The  remov¬ 
able  cover  was  held  In  place  by  six  swivel  bolts  and  wing  nuts 
locking  to  cast-notched  lugs  In  the  cover. 

Two  test  setups  were  used  as  shown  In  Figures  12  and  13. 

Figure  12  shows  two  (0.5M-)  Mllllpore  filter  elements  In  series  In 
the  vacuum  line  followed  by  an  activated  carbon  colimin,  a  cold- 
trap  (vacuum  filter  flask  Immersed  In  dry’  Ice  and  acetone)  and 
a  Gelman  high -volume, low  head,  oil -free  compressor,  modified  to 
serve  as  an  exhauster. 

Figure  13  shows  the  two  Mllllpore  filters  removed  and  the 
Gelman  pump  replaced  with  a  Welsh  Duoseal  laboratory  vacuum  pumn 
for  maintaining  5  mm  Hg  absolute. 

METHOD  OP  TESTING 

The  collection  vessel  with  valves  open  and  cover  In  place 
was  weighed.  The  cover  was  removed  and  the  vessel  placed  under  a 
space  toilet  seat  arrangement.  After  defecation  and  deposition 
of  soiled  toilet  tissue,  the  cover  was  replaced  and  the  vessel 
rewelghed. 

The  collection  vessel  was  then  connected  Into  the  laboratory 
set-up  as  shown  In  Figure  12.  Air  was  pulled  through  the  collec¬ 
tor  for  10  minutes  with  the  Gelman  pump.  The  outlet  of  the  pump 
was  sniffed  to  detect  odor  and  results  recorded.  The  coldtrap 
condensate  was  also  checked  for  odor.  The  pump  was  shut  off  and 
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FIGURE  12.  TEST  EQUIPMENT  ^ARRANGEMENT 
ODOR  AND  BACTERIAL  REMOVAL 


activated  charcoal 


oil  sealed  vacuum  pump 


FIGURE  13.  TEST  EQUIPMENT  ARRANGEMENT 

PARTIAL  DEHYDRATION  AND  PRESSURE  BUILDUP 


the  Mllllpore  filters  removed.  The  filter  discs  were  cultured  In 
petrl  dishes  for  l8  hours  and  examined  for  conforms,  using  the 
standard  Mllllpore  filter  technique. 

The  equipment  setup  was  then  rearranged  as  shown  In  Figure 
13>  the  air  bleed  valve  was  closed,  and  the  vessel  evacuated  for 
3  hours.  I'fenometer  pressure,  barometer  readings  and  temperature 
were  recorded.  The  vessel  was  sealed  and  left  overnight.  Prior 
to  use  the  next  morning,  temperature,  manometer,  and  barometer 
were  read.  The  vacuum  was  then  broken  by  opening  the  air  bleed 
line,  and  the  vessel  was  weighed.  The  bacteria  tests  were  con¬ 
tinued  for  15  days  and  the  odor  tests  for  30  days.  At  the  end 
of  the  30-day  period,  the  vessel,  then  half  full,  was  filled  to 
80^  by  addition  of  Inert  plastic  chips.  The  vessel  was  evacuated 
and  absolute  pressures  recorded  every  24  hours  for  another  30- 
day  period. 

TEST  RESULTS 

The  results  of  the  bacteria,  odor,  and  weight  loss  tests 
during  the  collection  period  are  listed  In  Table  VII.  The  pres¬ 
sure  buildup  over  the  subsequent  30-day  storage  period  Is  shown 
graphically  In  Figure  14. 

In  considering  the  removal  of  bacteria  Results,  only  once 
were  colonies  of  E.  coll  detected  on  the  first  filter  and  never 
on  the  second  filter.  This  would  Indicate  that  the  nylon  felt 
liner  Is  a  good  bacterial  filter. 

A  total  weight  loss  of  889  grams  from  a  total  waste  weight 
of  2270  grams  Indicated  considerable  drying  of  the  feces. 

Pressure  buildup  In  the  device  after  use  and  evacuation  are 
Just  slightly  more  than  the  loss  In  vacuum  from  In-leakage  Into 
the  empty  system. 

CONCLUSIONS 

From  the  Indicated  weight  loss.  It  Is  apparent  that  partial 
dehydration  of  the  fecal  matter  occurs.  This  Is  sufficient  to 
Inhibit  decomposition  and  pressure  buildup  between  uses.  The 
Increase  In  pressure  In  24  hours  was  negligible;  vessel  pressure 
was  less  than  cabin  pressure  even  after  30  days  of  storage. 

Test  results  show  that  bacteria  present  In  the  circulating 
air  over  stored  feces  can  be  effectively  removed  by  a  properlv 
designed  filter  cartridge. 

The  absence  of  odor^  either  In  the  cold-trap  condensate  or  at 
the  pump  discharge  Indicates  the  capability  of  a  properly  designed 
activated  carbon  filter  to  remove  objectionable  odors  from  the 
recirculated  cabin  air. 
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TABU  VII 

reCBS  COLUCTION  AND  STORAGE-FUSSOM  TEST  AND  HEIGHT  LOSS 
(Ttn  Mlnut*  Air  Circulation) 


Ht. 

Facaa  & 

B! 

ftMU. 

Start 

Fraaa. 

EnB 

Rata** 
of  laal 

Col 

iforaa 

Oaaga 

Tiaaua 

(B-) 

m 

(in. 

IgAba) 

(in. 

HgAba) 

AF 

(in.  Mg) 

Tlaa 

(Hr.) 

[in. 

Hg/hr) 

No.  1  1 
Filtar 

No.  2 
Filtar 

Odor 

1 

81 

0.31 

3.54 

3.23 

20.5 

0.157 

Nag. 

Nag. 

None 

2 

92 

0.23 

3.67 

3.44 

19.0 

0.182 

Nag. 

Nag. 

Nona 

B 

120 

24 

0.30 

3.92 

3.62 

19.0 

0.190 

Nag. 

Nag. 

Nona 

■ 

126 

20 

0.28 

3.70 

3.42 

19.5 

0.176 

Nag. 

Nag. 

Nona 

5 

37 

25 

0.32 

3.33 

3.01 

17.5 

0.173 

Nag. 

Nag. 

Nona 

B 

40 

26 

0.26 

9.36 

9.10 

67.0* 

0.136 

Nag. 

Nag. 

Nona 

25 

0.34 

3.53 

3.19 

21.0 

0.152 

Nag. 

Nag. 

Nona 

H 

70 

0.33 

3.44 

3.11 

18.0 

0.174 

Nag. 

Nag. 

Nona 

156 

35 

0.32 

4.16 

3.84 

21.0 

0.183 

Nag. 

Nag. 

Nona 

10 

21 

21 

0.54 

12.89 

12.35 

68.0* 

0.181 

Nag. 

Nag. 

Nona 

11 

60 

35 

0.33 

3.57 

3.24 

19.0 

0.170 

Nag. 

Nag. 

Nona 

12 

25 

32 

0.48 

3.60 

3.12 

19.0 

0.164 

3  cola 

Nag. 

Nona 

13 

207 

46 

0.30 

3.39 

4.30 

17.0 

0.250 

Nag. 

Nag. 

Nona 

14 

29 

28 

0.48 

2.91 

17.0 

0.171 

Nag. 

Nag. 

Nona 

15 

20 

24 

0.47 

12.85 

12.38 

90.5* 

0.137 

END  or 

TEST 

16 

45 

30 

0.49 

3.85 

3.36 

18.0 

0.208 

17 

73 

31 

0.49 

3.83 

3.34 

19.0 

/ 

0.175 

la 

38 

24 

0.52 

3.74 

3.22 

ao.5 

0.157 

19 

60 

33 

0.38 

11.16 

10.78 

67.0* 

0.161 

20 

217 

33 

0.50 

a 

5.22 

4.72 

21.0 

0.225 

21 

61 

32 

0.43 

4.02 

3.59 

17.0 

0.210 

22 

44 

26 

0.12 

4.37 

4.25 

19.5 

0.217 

23 

35 

34 

0.45 

4.57 

4.12 

20.5 

0.200 

24 

71 

36 

0.46 

13.50 

13.04 

92.5* 

0.158 

25 

— 

31 

0.40 

4.70 

4.30 

20.0 

0.218 

26 

116 

34 

0.50 

8,29 

7.79 

44.5 

0.175 

27 

11 

34 

0.51 

11.38 

10.87 

65.5* 

0.169 

28 

110 

37 

0.47 

4.75 

4.38 

20.0 

0.219 

29 

270 

40 

0.43 

6.13 

5.70 

19.5 

0.292 

30 

•  Mia 

44 

19.5 

TOTAL 

2270 

m 

*Taat  continual  over  watkanB. 

**10  4aya  taata  on  aapty  collacCor  varyinc  froa  24  to  120  Houra 
gava  aa  avaraga  ia>laak  rata  of  0.110  iachaa  of  Ng  par  hour. 
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FIGURE  M.  PRESSURE  TEST  RESULTS  -  ABSOLUTE  PRESSURE  VS  TIME 


SECTION  8 

SYSTEM  DESCRIPTION  -  PINAL  DESIGN 


GENERAL 


separate  collection  of  urine  and 

diatliv  bv  ^  transferred  imme- 

aiareiy  by  the  individual  to  an  intermediate  urine  storage  tank 

leolef  ln®a°sr>L??!::r  Peclf^rl  cil- 

lected  in  a  spherical  collection  ‘-ank  with  foam  cushions  around 

pS:iUon°durlJS  l^tronaut  to  take  the  nomll  s?tt?ng 

^  ?  during  defecation.  Paces  and  wipes  are  directed  acalnst 

beln^re;LL"S"thfc^le?t  sLu^lMfhas 

ueexi  repiacea,  the  collection  vessel  is  evacuated  to  c-nn^^o  a 
showrin'^plgi?!  assembled  unit  with  major  component^  Is 


welghrLt'’ls°n^®w^^^^‘^®^Jf'^?®‘^^'’®'^^"  designed  for  minimum 
components,  e.g.,  the  flbe?glLr3pheres!^off!the-sheiravaria-" 

:ung7r¥t^°°  -"f"- 

ating  prototype  at  minimum  cost.  v  ^ 

PECES-HANDLING  EQUIPMENT 

The  fecal  waste  collection  and  storage  unit  consists  of  tha 
following  components  based  on  a  7-man,  15?day  mission! 

Peces  Collector 


V 


nf  external  sphere  having  a  wall  thickness 

of  3/32  Inch  with  a  3/4-lnoh  vent  In  the  bottom  A  b  inrh 

eter  hole  In  the  top  Is  provided  with  a  valvedT’pr^ssZrrLf i?nZ 

cLt.  A  was  i^L7^r:pt^:i"e\T^?“^gt\^t^^^^^^ 

Joln^  -  plpe^slzH^^S)  holeTapped^lnThf tof^Ind 

lay-up,  perforated  over  the  entire  surface  with 
SrTSt-^atJerlof  Afr  Foref Ss^rShS'o?^”"^  Labo^^o'rfes, 
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1.  Pecal  collection  sphere 
2«  Collection  sphere  frame  and  draw  bars 
3.  Cabin  air  blower  and  switch 
3  way  selector  valve 
Flexible  hose 

6.  Bacterial  filter  cartridge  ' 

7.  Activated  carbon  cartridge 

8.  Removable  cover 


9.  Space  vacuvim  shut-off  valve 

10.  Cover  clip 

11.  Latex  urinal  and  adapter  (not  shown) 

12.  Urinal  Insert  dispenser 
13 •  Urine  storage  sphere 

14.  Sterilizing  tablet  dispenser 

15*  Tissue  dispenser 

16.  Urine  transfer  tubing 


FIGURE  ISy  WASTE  MANAGEMENT  SYSTEM  SHOWING  CUTAWAY  VIEW 
/  FECAL  COLLECTJpN  SPHERE (Frame  Shown  is  Part  of 
/  Existing  Water  Recovel>y  Unit) 
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V. 


Air  System 

filtering  system  consists  of  a  blower 
fastened  to  the  stationary  framework  and  two  filter  cartridges. 

anrt  removal  of  0.5  micron  partlclesj 

activated  carbon.  The  airflow  is  from  the  bottom  of  the 
fecal  collection  sphere,  through  a  reinforced  flexible  plastic 
hose  capable  of  withstanding  high  vacuum,  to  the  bacterial  filter 

carbon  cartridge  in  series,  thence  to  a  3-way,  ?- 
position,  aluminum  valve.  This  valve  Is  supplied  with  a  special 
vacuum  grease  for  the  plug  and  Is  given  a  helium-spectrometer  In- 
leakage  test  by  the  manufacturer.  Prom  the  3-way  valve,  one  port 
Is  connected  »o  the  blower  and  thence  to  the  cabin.  (The  blower 

with^^A^inph^^^S?*^  connected 

as^a  shutoff^fniJ^Jhf  £?  t  two-way  teflon  plug  valve  that  serves 
as  a  shutoff  for  the  high  vacuum  (space  vacuum)  source.  . 

selector  valve  Is  in  the  blower  position  and 
^  turned  on,  the  internal  air  flow  system  provides 

positive  f^es  motion  (under,  weightless  conditions)  and  odor 
\  ^ntrol.  This  airflow  Is  used  only  when  the  sealing  cover  Is 
removed  for  defecation.  Tlie  blower  switch  and  valves  are  located 
oniv  handy  to  the  user.  The  high  vacuimi  valve  is  opened 

valve  has  been  turned  to  the  high  vacuum 
position,  and  Is  Ipft  open  for  about  I5  minutes.  Bacteria  are 
removed  In  the  coirnon  filter  before  going  to  high  ^cu^  111 

S  3/t-inch  aluminum  tublAg  with 

thickness  and  Is  connected  with  flare  fittings 

hence,  is  light-weight  and  easy  to 
maintain.  When  tjie  collector  is  in  use,  the  air  flow  oattern 

acceleration  to  the  stool  of  about  0.1  ft/sec!?  C! 

actlon°ln^qpnfl^«J?^^^?i  velocity  resulting  from  sphincter  muscle 
Ref.  13^”  separating  the  stool  from  the  anus.  (See  Miner  et  al. 

nr  carbon  cartridge  (sized  with  a  safety  factor 

bart^lin?  ?  resin-coated  enclosure  of  aluminum.  The 

bacterial  filter  enclosure  is  also  fabricated  of  aluminum. 

Cabin  Air  Blower 
% 

the  necessary  air  velocity  through  the  anterior 

human  form  and  the  kldney- 
detemlned  that  a  minimum  flow  of  5  cfm 
flowiSff  necessary.  During  the  time  alr^ls 

blower  will  require  0.025  hp.  A  blower 
iQonn  characteristics  was  chosen:  radial  vane  blower, 

19000  rpm,  400-cycle,  single  phase,  II5  V;  5  cfm  at  6  Inches  water 
static  pressure,  power  consumption  22  watts.  This  blower  would  be 

cont^in^H^??  ^  hr/day.  The  blower  switch  has  a  self- 

contained  light  which  glows  when  the  blower  is  on. 

URINE-HANDLING  EQUIPMENT 

coUectlon  and  storage  system  consists  of  a  latex 

accessories,  and  l^s^rlcal  storage  tank 
sized  to  hold  urine  accumulation  for  one  da^  ^ 
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Urinal  and  Accessories 

The  urinal  consists  of  three  parts,  namely: 

rpertonS^item;  IndTdlspoIahll  pl2stlc  Insert  which  Is  a  one- 
use,  sanitary  Item. 

The  collecting  urinal  Is  a  ^hln-walle^  antistatic,  latex^^^^ 

rd!”^e  £W  the  nrlnal  minimizes  the 

and  a  secondary  seal,  and  is  connect  primary 

S?er  °ae!‘'%“n6^plnch-type  clam^ls^provlded 

storage  taric  S  means  of  a  tubing  adapter  and  plastic  tubing. 

TTrlnal  inserts  will  be  stored  in  a  dispensing  tube  fabricated 

^re^nnr?il  -IJ^fd^rr^are  ^^er!  . 

partition  separates  used  and  unused  inserts. 

sterilizing  tablets  °f  ^?Urwl?hl“?L'^urtnal 

*lusfbtfo?l''Iaci;  u^%f  stemize  the  urine  before  storage  and 
^ISvent  o^r  tnd  bacteria  bulld-up  In  the  stored  urine. 

Urine  Storage  Tank 

.nj,  ..orj,. ;w“="S;r 

S.‘r,'S15;  JuSiViw  ~ ^ 

the  bottom  for  emptying.  On  geiectcr  valve. 

of^the  exte?^!'’portf  l^conn^cted  to  a  hand^perated,  vacuum 

prollssln^  or  disposal,  the  valve  Is  at  the  pressure  position. 
DESIGN  DRAWINGS 

—  t-  A  a  fniiv  dpflned  in  detailed  design  drawings. 

The  above  system  is  fuiiy  t  poO'Sl'5-2. 

General  Dynamlcs/Eleotrlc  Boat  Nos.  200514,  200515-1,  and  200515 
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SECTION  9 

METHOD  OP  OPERATION 


€} 


This  section  describes  the  step-by-step  operating  procedure 
for  the  Waste  Management  System. 

DEFECATION 

1.  Release  catch  and  pull  out  fecal  collection  unit  until 
It  rests  on  floor. 

2.  Open  high  vacuum  valve  momentarily  to  purge  collection 
sphere  of  decomposition  gases;  then  close  valve. 

3.  Turn  selector  valve  from  high  vacuijm  to  cabin  air  flow 
position. 

4.  Open  bleed  valve  In  cover  to  equalize  pressure. 

5.  Unlock  and  remove  cover  from  top  of  sphere  and  Immediately 
start  blower;  place  cover  In  clip  provided. 

6.  Assume  sitting  position  on  sphere  seat  and  fasten  Velcro 
straps. 

7.  Defecate.  Wad  used  toilet  tissue  to  minimum  volume  and 
deposit  In  sphere. 

8.  Replace  cover,  Ic^ck,  close  bleed  valve,  and  turn  off 
blower. 

9.  Turn  selector  valve  to  high  vacuum  position. 

10.  Return  collection  sphere  to  storage  position  and  lock. 

11.  Open  high  vacuum  stop  valve  for  15  minutes,  then  close. 
URINATION 

The  storage  position  of  the  urinal  on  the  sphere  Is  so 
oriented  that  the  urinal  can  be  used  during  defecation  without 
repositioning.  Urination  Is  accomplished  by  the  following  steps: 

1.  Remove  penile  adapter  disc  from  urinal  by  breaking 
magnetic  force. 

2.  Remove  clamp. 

3.  Place  sterilizing  tablet  In  urinal. 

4.  Place  clean  urinal  Insert  In  the  conical  opening. 

5.  Place  penile  adapter  disc  on  penis. 


49 


6. 

Attach  disc  to  urinal  and  urinate. 

7. 

Replace  clamp  on  folded  section  of  urinal 
penis  extremity. 

directly  below 

8. 

Remove  urinal. 

9. 

Remove  and  store  used  insert. 

10. 

Place  3-way  valve  on  urinal  storage  tank  to  "fill" 
position. 

11. 

Open  storage  tank  inlet  valve  and  empty  urinal  by  apply¬ 
ing  vacuum  with  squeeze  bulb. 

12. 

Close  tank  inlet  valve. 

13. 

Replace  clamp  on  tapered  end  of  urinal. 

14. 

Place  urinal  in  storage  position  on  fecal 
vessel  with  Velcro  fastener. 

collection 

URINE  TRANSFER 

1.  Hie  urine  storage  tank  Is  emptied  once  every  24  hours. 
With  inlet  valve  closed,  place  3-way  valve  on  "empty 
position, 

2.  Open  tank  outlet  valve  and  apply  pressure  by  squeeze 
bulb  until  all  urine  is  transferred  (to  water- recovery 
unit  or  to  disposal). 

3.  Close  tank  outlet  valve. 
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SECTION  10 


, CONCLUSIONS 


The  optimum  waste  management  system  is  based  on  separate 
collection  of  urine  and  fecfes.  The  feces  are  collected,  stored, 
and  partially  dried  by  spacte  vacuum  in  one  piece  of  -qu^pmert; 
urine  is  collected  in  plastnc  urinals,  sterilized,  and  trari  - 
ferred  to  a  diaphragm-fcype,)  spherical,  storage  tank  ^  r  int-  .  - 
mediate  storage  prior  v^er  recovery,  treatment,  o  dispo,  al. 

Tests  performed  with  a  breadboard  model,  of  the  feces  co' ^  p- 
tor  demonstrated  the  feasibility  of  the  recommended  approach  with 
regard  to:  (a)  lack  of  pressure  buildup  with  partially  lely- 
drated  feces,  (b)  satisfactory  odor  removal  from  recycle!  atr, 
and  (c)  complete  bacterial  removal  from  vented  gases. 
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FREEZE  DRYING.  OP  MIXED  WASTES 


> 


WEIGHT  AND  VOLUME  OP  SPHERICAL  CONTAINER 
Basis :  7  men/l4  days 


Type  of  Waste/man/day 

Waste 

Water 

Solids 

(gm) 

(gm) 

(gm) 

Feces 

150 

112.5 

37.5 

Bags  of  Tissue 

50 

50.0 

Urine 

1500 

1425.0 

75.0 

^Tot  a  1/ man/day 

1700 

1537.5 

162.5 

For  these  calculations,  we  have  used  I530  gm  H^O  (90^)  and 
170  gm  solids  {10%).  2 

Zeff  and  Bambanek  (Ref,  3I)  determined  the  specific  volume 
of  solid  waste  to  be  11  cm3/gm.  Since  only  feces,  bags,  and 
tissue  will  be  treated  in  this  study,  vje  have  assumed  a  value  of 
5  cm3/gm,  which  is  a  conservative  figure. 


Assuming  that  all  the  water  in  the  waste  is  evaporated  in 
one  day,  the  storage  volume  of  the  wastes  can  be  computed  from 
this  equation: 

V  =  (1530  +  170  V„D)M 

o 

When  V  «  storage  volume  required  in  c^p^ 

Vg  =  bulk  density  of  solid  waste  In  cc/gm 
D  =  Mission  length  in  days 
M  =  crew  size 

The  storage  volume  is  primarily  affected  by  the  size  of  the 
crew  and  secondarily  by  the  duration  of  the  mission.  The  follow¬ 
ing  sample  calculations  are  based  on  7  men  for  l4  days: 

V  =  (1530  +  170V^D)M 

o 

V  =  [1530  +  170(5)  (14)]  7 

V  =  94,000  cm3  =  3.32  ft^ 


6v 

TT 
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=  180,000  cm^ 

d  =  56.5  cm  =  22.25  inches  I.D. 

Wt  of  Aluminum  Sphere  0.1-inch  gauge,  density  =  O.O98  Ib/lnch^ 
O.D.  Sphere  =  22.45  in.  I.D.  =  22.25  in. 

Volume  of  metal  =  J  (O.D. ^  -  I.D. 

^  (22.45^  -  22.25^)  =  156.5  inches^ 

Wt^  of  A1  =  (Volume) (density) 

=  156.6  X  0.0Q8  =  15.4  lb 

WEIGHT  OP  INSULATION 

Insulation  3/8-inch  thick;  density  O.OOI5  Ib/inch^ 

Basis:  7  men  for  14  days 

I.D.  =  22.45  inches  O.D.  =  23*20  inches. 

Volume  of  insulating  shell  =  ^  (23.20^  -  22.45^)  =  6IO  inches^ 
Add  15^  for  joints  and  door 
V  =  700  inches 3 
Wt  of  ins.  =  (volume) (density) 

=  700  X  0.0015  =  1.05  lb 

WEIGHT  OP  CABIN  AIR  LOSS 

Pree  volume  in  sphere  at  day  1  =  87,300  cm^ 

at  day  l4  =  10,700  pm^ 

Average  free  volume  of  air  for  14  days 

=  4Q,000  cm^  =  40.0  liters 

Total  volume  of  gas  lost  =  (14)(49.0)  =  686  liters  =  24.2  ft^ 

Assume  all  air  to  be  removed  in  process  each  day.  Then  the 
weight  of  gas  can  be  computed  by  the  gas  law 

PV  =  nRT 


P  =  7.35  psia 
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V  =  24.2 
T  =  530°R 
R  =  1543 


n  =  Number  of  lb -moles 
M.W.  =  29.6 


n 


(7.35) (144) (24.2) 
■■Tl543rT550) - 


=  0.031  lb-moles 


y 

Wt  of  air  lost  =  (n)(M.W. ) 


(0.031) (29.6)  =  0.91  lb 


l 
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INCINERATION  OF  FECES 


WEIGHT  OF  INCINERATOR  SHELL 

The  bulk  density  of  the  bagged  fecal  matter  is  taken  as  5 
cmVgm*  Th®  gm/man/day. 

Volume  per  man  per  day  is  then: 

5  X  200  =  1000  cmV^Wday 

or  7000  cmV^^ay  for  7  men 


Add  20^^  for  free  space: 
7000  +  1400  =  8400  cm^ 


A  series  of  computations  was 
der  dimensions.  This  cylinder  is 
in  length. 

The  basic  cylinder  wall  will 
gauge  and  ends  of  3/8-lnch  plate. 

Ib/inch^. 


made  to  determine  optimum  cylln- 
9  inches  in  diameter  and  8  inches 


be  made  of  CRES  3l6,  3/l6-inch 
Density  of  CRES  3l6  is  0.29 


To  obtain  weight  of  basic  shell,  the  metal  volume  is  deter¬ 
mined  and  converted  to  weight. 


Volume  of  metal  shell  =  2  ends  +  cylinder  shell 


=  2  (^)(3/8  inch)  +  (A2-A;^)(8.o4) 

A^  =  9^  X  J  *=  63.6  inch^ 

«  2  (63.6)(3/8  inch)  +  (69. 2-63.6) (8. 04) 

Aj  =  X  J  =  69.2  inch® 

=  47.8  +  45  =  93  inches^ 

Weight  of  metal  shell  =  (93)  (0*29)  =  27 

The  weight  of  the  furnace  door  and  lock  is  estlmatfed  at  6  lb. 


WEIGHT  OP  INSULATION 

The  insulation  will  be  4  inches  of  85^  MgO  with  a  density  of 
0.0145  Ib/lnch^. 


% 
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The  net  volume  of  Insulation  is  the  difference  between  the 
volumes  of  two  concentric  cylinders.  The  Inside  cylinder  Is  Q.5 
Inches  In  diameter  and  8.5  Inches  in  length.  The  outside  cylin¬ 
der  Is  17  Inches  In  diameter  and  I6  inches  In  length. 

V  =  v^-  V 

=  (17)2(^)(i6)  -  (9.5)®(f)(8.5) 

=  3640-605  =  3035  inches^ 

Weight  of  Insulation  =  3035  x  0.0145  =  44  lb 

r- 

WEIGHT  PENALTY  FOR  OXYGEN  CONSUMPTION 


For  each  man's  fecal  waste  (200  gm/day)  there  Is  112  gm  free 
water  and  88  gm  of  solids. 

Each  88  gm  of  solids  has  the  following  weight  relationships 

Wt/man/day  Wt/7  men/day 

Element  Percent  (gm)  (gm) 

C 

39.7 

34.9 

244 

Hg  Total 

5.8 

5-1 

36 

Og  Combined 

30.4 

26.7 

187 

8.9 

7.9 

55 

Ash 

15.2 

13.4 

94 

Hg  Free 

.-!l' 

1.8 

12.6 

Oxygen  Required  for  Incineration 

Wt/7  men/day 

/ 

(sm) 

C  + 

°2  — ►‘^°2 

651 

SHg 

,  +  Og— ►  2H2O 

286 

Sub  Total 

937 

Less  combined  Og 

187 

Theoretical  Og 

750 

20^  Excess  Og 

150 

Total  Oxygen 

900 

Total  Oxygen  in  lb 

2.0 
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¥t  penalty  for  oxygen  =  2.0  lb. 


¥t  penalty  for  containers  based  on  cryogenic  storage  =  1  lb  of 
container  for  1  lb  of  oxygen. 

Oxygen  storage  container  =2.0  lb. 

¥EIGHT  PENALTY  FOR  P0¥ER 

Power  Input 

The  power  Input  can  be  estimated  according  to  Nucclo  et  al. 
(Ref.  17),  from  a  system  energy  balance  stated  as: 

S.  ^c  =  ^w  ^s  +  ^g  +  %  +  Of 


where : 


0^  =  Heat  Input 

=  Net  heat  of  combustion 
=  Heat  of  sensible  wastes 
Qgg  =  Heat  of  sensible  system 
Qg  =  Latent  heat  free  water 
Qgg  =  Sensible  heat  of  gases 
Q-]^  =  Net  heat  losses 

Q^.  =  Heat  of  fusion,  polyethylene 

Prom  data  at  hand,  all  these  quantities  cannot  be  accurately 
determined.  If  the  assumption  is  made  that  the  net  heats  of  com¬ 
bustion  are  offset  by  the  sensible  heat  of  the  system  plus  the 
heat  losses,  then  the  heat  balance  cam  be  stated  as: 

^1  "  ^w  ^  +  ^sg- 


All  the  terms 
culated. 

on  the 

right  side 

of  the 

equation  can  be 

Qg^  Calculation 

¥t,gm 

At,°i 

C  Kg  cal/day 

Peces 

88 

0.40 

745 

26.  2 

¥ater 

112 

^  1.00 
^'0^30 

105 

11.8 

Paper 

10 

745 

2.3 

Bags 

40 

0.30 

110 

13.2 

Base  temperature  for 

At  =  15.60c 

73.5 

61 

Ogv,  =  73*5  Kg  cal/day/man 

for  7  men  =  515  Kg  cal/day 
^  Calculation 


Latent  heat  of  water  at  250°P  *=  525  cal/gm 
112  (525)  =  58.75  Kg  cal/day/man 
or  412  Kg  oal/day  for  7  men 
0^  Calculation 

Heat  of  fusion  of  polyethylene  is  23  cal/gm 
40  gm  polyethylene/man,  or  280  gm/7  men 
(280) (23)  =6.44  Kg  cal/day 
Q  Calculation 

Basis ;  1  man/day 

The  composition  of  exit  gases  with  20^  excess  oxygen  at  250*^P. 

CO^  from  carbon  =  (34.9)  (^)  128  gm 

from  feces  =*  ignore 
0^  excess  *=  21.5  gm 

HgO  from  dry  waste  =  5.I  x  ^  =  46  gm 
Total  wt  of  gas  =  195. 5  gm 

Assuming  no  heat  exchange  between  the  exiting  gases  and  the 
Incoming  oxygen,  the  enthalpy  of  the  waste  gases  can  be  estimated 
by  decrements  from  250°  to  l400Op.  The  decremental  increases  are 
shown  on  the  following  page. 

Ql  =  Qsw  +  Of  +  Qgg 

Q.  =  515  +  6.44  +  412  +  191 
=  11 24. Kg  cal/day 
Assuming  12-hour  cycle,  then 

in  Kg  CQil/hr  =  =  95  Kg  calAr* 

95  Kjg  cal/hr  =  110  watts 
Power  input  is  110  watts 
Wt  penalty  for  power  is  O.300  Ib/watt 
Wt  penalty  =  (lio)  (O.30O)  =  33  lb 


Subtotal 


Decrement  # 

Cat 

Wt 

(gw) 

12.8 

gm  cal/gm/°C 
(cp) 

t°r 

At,°F 

(t-60) 

Q-(Km/cal) 

Subtotal 

igm/call 

1 

CO2 

0.230 

307 

247 

404 

O2 

2.15 

0.230 

(I37OC) 

58 

H2O 

4.60 

0.460 

190 

752 

2 

CO2 

12.8 

0.265 

422 

362 

682 

O2 

2.15 

0.235 

{201°C) 

103 

H2O 

4.60 

0.470 

426 

1211 

3 

CO2 

12.8 

0.270 

537 

477 

915 

O2 

2.15 

0.237 

(265®C) 

135 

H2O 

4.6 

0.475 

576 

1626 

4 

CO2 

12.8 

0.272 

652 

592 

1145 

O2 

2.15 

0.240 

(329®C) 

170 

H2O 

4.6 

0.480 

726 

2041 

5 

CO2 

12.8 

OJJ75 

767 

707 

1385 

O2 

2.15 

0.245 

(393®C) 

206 

H2O 

4.6 

0.480 

870 

2461 

6 

CO2 

12.8 

0.280 

882 

822 

1640 

O2 

2.15 

0.247 

(457°C) 

242 

H2O 

4.6 

0.500 

1050 

"^2932 

7 

CO2 

12.8 

0.281 

997 

937 

1870 

O2 

2.15 

0.255 

(520®C) 

286 

H2O 

4.6 

0.510 

1220 

3376 

d 

CO2 

12.8 

0.285 

1112 

1052 

2135 

O2 

2.15 

0.260 

(5850C) 

326 

H2O 

4.6 

0.520 

1380 

3841 

9 

CO2 

12.8 

0.290 

1227 

1167 

2405 

O2 

2.15 

0.262 

(6480C) 

362 

H2O 

4.6 

0.525 

.  1560 

4327 

10 

CO2 

12.8 

0.292 

1342 

1282 

2660 

O2 

2.15 

0.265 

(712°C) 

405 

H2O 

4.6 

0.530 

1735 

4800 

Total  gas 

195.5 

gm 

Qgg  for  ^  ■« 

Total  Enthalpy  27.367 
in  191  Kg  cal/day 

cal/day 
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STORAGE  OP  FECES  IN  CANS 


1 

o 


WEIGHT  PENALTY 
Basis;  7  men/l4  days 

Outsld©  dlrnanslons  of  friction  lid  can  =  11  cm  dia.  x  11  cm  long 
Volijme  =  1000  cm^  Wt  =  0.32  IL 
Capacity  of  can  =  950  cm 

3 

Capacity  of  can  at  25^  head  space  =  710  cm 

Bagged  feces -rolled  and  packed  tightly  has  a  density  of  approx. 

0.9  gm  cm^;  at  200  gm  per  man/day  =  222  cm^ 

'710 

^  =  3.2  men 

One  can  will  hold  the  packed  fecal  waste  of  3  men.  Then 
the  number  of  cans  required  will  be; 

(7) (14) (1/3)  =  33  cans 

Wt  of  cans  «  (33) (0.32)  =  10.6  lb 

VOLUME  PENALTY 

It  is  Intended  that  the  cans  before  use  for  feces  will  be 
used  to  contain  stored  food.  The  volume  penalty  is,  therefore, 
the  difference  between  an  11-cm  cube  and  a  cylinder  11  cm  in  diam¬ 
eter  and  11  cm  long. 

For  each  can  this  is: 

1331  -  1000  =  331 

For  7  men/l4  days  the  penalty  volume  is; 

=  0.386  ft^ 
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COMBINED  COLLECTION  AND  STORAGE  OP  FECES 


VOLUME  OP  COLLECTION  SPHERE 
Basis  :  7  men/l4  days 

The  volume  required  •will  be  the  volume  of  the  feces,  the  ~ 
volume  of  the  wipes  and  a  reserve  volume  of  2  liters  (122  Inches-^)  . 
Taking  net  density  of  feces  as  1.0  g/cm3. 

Wt  of  feces  =  "  =  32.3  lb 

Volume  of  feces  =  Inches^ 

Volume  of  wipes: 

At  3  wipes/man/day,  an  expanded  volume  of  6  cmVwlP^# 
a  stored  density  of  6.05  Ib/ft^, 

where:  1  Inch^  =  16.39  cm^ 

V  =  *  109  Inches^ 

-a 

Reserve  volume  =122  inches-^ 

Required  total  volume  =  1128  inches^ 

To  determine  I.D.  of  sphere: 


=  2170  inches^ 

d  =  13.0  Inches 
WEIGHT  OP  INNER  SPHERE 

o 

Material  30  mesh  aluminum  screening  at  0.095  Ib/ft 
A  =  irD®  =  3.14  (169)  =  530  Inches^ 

Vft  „  (530^^0, 0951  ,  0.35  It 

Inner  Sphere  Baffle  Disc 
Estimated  Weight  =0.1  lb 
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WEIGHT  OP  OUTER  SPHERE 

Material:  Built  up  fiberglass,  3/32  inch  wall  thickness, 

0.05  lb/inch3  on  outside  surface,  1/4  inch  spacers 

=  Inside  Diameter  =13.0+  2(0.25)  =  13.5  inches 

D^  =  Outside  Diameter  =  13-5  +  2(3/32)  =  13-69  inches 

V  =  I  (DgS  -  D^3) 

=  0.523(2656  -  2460)  =  55  inches^ 

Wt  =  (55) (0.05)  =  2.75  lb 

WEIGHT  OP  NYLON  PELT  LINER 

Ma.terial:  Nylon  felt  single  ply  -  1  sq.  yd.,  weight  -  4  oz. 

Surface  of  inner  sphere  is  to  be  covered  with  1  ply. 

1  sq.  yd.  =  1296  inches^ 

p  2 

A  =  7r(D)  =  169  Inches 

2  0*  25  lb 

Weight  of  Nylon  Felt/inch  =  — - P 

1296  inch 


0.03  lb 


The  total  weight  of  the  collection  assembly  is ; 


Wt  of  tissue  wipes  (storage)  O.38 
Wt  of  inner  sphere  screening  0.35 
Wt  of  outer  sphere  2.75 
Wt  of  felt  liner  0.03 
Wt  of  spacers  0.02 
Wt  of  disc  ^  0.10 
Wt  of  cover  O.77 
Wt  of  legs  0.10 
Wt  of  carbon  filter  shell  0. 20 
Wt  of  bacteria  filter  shell  0.10 
Wt  of  activated  charcoal  0. 27 
Wt  of  filter  assembly  and  anchors  0. 25 
Wt  of  2-way  valve  0.24 
Wt  of  screens  O.07 
Wt  of  misc.  fittings  0.50 
Wt  of  seat  cushion  0. 34 

Wt  of  assembly  6.47  lb 


WEIGHT  OP  CABIN  AIR  LOSS 
Basis :  7  men/l4  days 


Assuming  7  defecations  per  day: 

p 

Free  volume  at  start  =  1128  inch 

o 

Free  volume  at  l4  days  =  122  inch-* 

Average  vol.  per  day  =  625  inch^ 

Average  volume  per  day  is  assumed  for  each  defecation. 
Total  volume  of  air  lost  in  space  is: 


(7) (625) (14) 
- 


35.2  ft 3 


Cabin  pressure  =  7.35  psia 

Sphere  pressure  at  full  blower  suction  =  6.85  psia 
Ihe  weight  of  1  lb -mole  of  cabin  gas  =  29.6  lb 
Prom  the  gas  law: 

PV  =  nRT 


n 


PV 

ITT 


P  =  Pressure  in  psia 
V  =  volume  in  ft^ 

T  =  530°R 
R  *  1543 

n  «  number  of  lb -moles 


n  =  ■( «=  0.0352  lb-moles 
Wt  of  lost  cabin  gas  is: 

Wt  =  n  (M.W. )  =  (0.0352)  (29.6)  =  1.15  lb 

WEIGHT  OP  BLOWER 
Estimated  at  3  lb 
WEIGHT  OP  POWER  PENALTY 

Capacity  of  blower  5cfm  at  Ap  1/2  psia  or  14  inches  water 


1  inch  water  =  5.19  psi 


PV/min.  (5)(5.19)fl4)  ^ 

=  330^'^  =  - 3Wr  =  0,0111  hp 

Assiamlng  mech  eff.  =  30% 

Line  hp  =  =  0.0222  hp  =  I6.5  watts 

Wt  Penalty  for  power  =  16.5  (0.30^  =  4.95  It) 
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appendix  II 

SYSTEM  DESIGN  CALCULATIONS 
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SIZE  OP  COLLECTION  VESSEL 


Basis :  7  nien  -  I5  days 

^  Tlie  volume  required  (V  )  will  be  the  volume  of  the  feces 
(V|.)  plus  the  volume  of  the^tissue  wipes  (V  )  and  a  reserve 
volume  (V^)  of  255^.  ^ 

V  =  +  V  +  V 

^s  ''f  ^  ’'w  '^r 

Asstmie  density  =  62.4  Ib/ft^ 

Daily  production  per  man  =  I50  gm 

Total  feces  produced  =  ^  -  35  ib 


Vf  = 


35  X  1728 
“  — 


965  inches^ 


Expanded  volume  of  wipes  =  6  cmV^ipe;  (1  inch^  =  l6.4  cm^) 
3  wipes  per  man/day 


V„  =  i6I(3^(gL(.^?)  „  116  inches^ 

Vg  ®  ^r  “  ^081  inches^  +  0.  25  =  l440  inches^ 

If  vol\jme  is  a  sphere,  then  the  diameter  (d)  can  be  found  from 


d^  =  =  2750 

d  =  14  inches 

SIZE  OP  ACTIVATED  CHARCOAL  PILTER 
Asstmiptions : 

(a)  Noxious  gases  adsorbable  from  fecal  decomposition: 
HgS  =  100  ppm;  odoriferous  organics  =  200  ppm 

(b)  Density  of  feces  =1  gm/cc  ^ 

(c)  Average  MW  of  noxious  gases  =  80 

(d)  Density  of  activated  carbon  =0,5  gm/cc 

(e)  Loading  =  0.8  lb  adsorbate  to  100  lb  adsorbent 
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V 


Feces  produced/day ; 

(7) (150)  =  1050  gm/day 
Volume  of  Gases  Formed: 


According  to  Wheaton  et  al.  (Ref.  29)  the  volume  of  gases 
produced  follows  the  relationship: 

V  =  2.23  +  2.155  log  t 


where;  V  is  volume  in  standard  ml/gm  of  feces  and  t 
is  decay  time  for  a  given  quantity  in  days. 


By  summing  the  total  production  of  gas  for  each  day's  Incre¬ 
mental  addition  over  the  appropriate  storage  period,  a  total 
volume  of  62.5  standard  liters  is  obtained  In  the  15-day  period. 

Wt  of  Noxious  Gases  Produced : 


(62.5  liters) (300)  (10~^)  X  80  gm/mol  _  c  ^ 

,  ,  —  D.fXJ.U 

22.4  llters/mol 


gm 


0  8 

Loading  =  adsorbate  by  weight 
Activated  Carbon  Required: 

g — ^  X  100  =  8  gm  carbon 

Volume  of  Activated  Carbon: 

8  gm  ^  ^ 

U.i;  gm/cc  = 


Volume  of  Cartridge  Cylinder,  2  1/2-lnch  diameter  and  5  l/2-lnch 
length  ' 


V  =  27  Inches^  =  440  cc 
Safety  Factor  In  Design; 


PRESSURE  DROP  IN  PIPING 
Plow:  5  cfm  cabin  air 
PV  =  nRT 


MW  =  29.6 
P  “  7»35  psla 
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n  =  0.389  Ib-mol/hr 

W  -  29.6  (0.389)  -  11.5  IbAr 

V  »  300  cfh 
R  »  1543 
T  *  530°R 

Air  Density  at  70°P  and  7*35  psla  ■  0. 0382  Ib/ft^ 

Pressure  drop  per  hundred  feet  of  pipe  for  gases  may  be  calculated 
from: 


AP 


100 


(3.36)  (10~^)  fW^ 
d5 


Vlhere:  f  Is  friction  factor  as  a  function  of  Reynolds  Modulus,  Re 
W  a  Mass  flow  In  IbA^ 

V  a  Specific  volume  In  ft^/lb  or  l/denslty 
d  a  ID  of  pipe  or  tube 


H  a  0.0193  at  70°P 


f  a  0.0425 

For  3/4-lnch  OD  and  0.035 -Inch  tubing,  ID  a  0.68  Inches;  d^  a  0.145 
-  (3.36)  (lO-'*)  (4. 2^) .  0.342  psl/100  ft 

(1.45) (10"^) (3.82) (10-2) 

Eoulvalent  lengths  of  tubing  per  fitting: 


Angle  Valve  Open 

Length 

8.5  ft 

No.  In  System 

2 

Total  Length 

17. 

Close  U  Bend 

4.5  ft 

1 

4.5 

Std.  Tee 

3.5  ft 

1 

3.5 

Std.  Elbow 

1.5  ft 

2 

4-foot  flexible  hose 

Total  length  of  tubing 

28.0  ft 
4.0 

3.0 

5^  ft 
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AP  In  piping  IX  (35)  x  (0.342)  tx  0.120  psl 

AP  through  filters  =  0.055  psi 

AP  Total  =  0.175  psi 

0.175  psl  =  4.85  Inches  of  water. 

Design  for  5  cfm  against  6  Inches  water  static  head 
POWER  REQUIREMENTS  FOR  BLOWER 


Pan  hp 


V  X  5.202  X  Inqhes  H^O  static 
33O00  ^ 


hp 


(^)(§;g0gH6) 

33000 

0.00475  hp 

Pan  hp 
“  e 


=  “  0.0238  hp  at  overall  efficiency  20^ 


Power 


157275 

746  X  0.0238  sx  18  watts 


Based  on  the  above,  the  blower  selected  for  this,  service  was 
a  Rotron  Type  RS-201,  radial  vane  blower,  I90OO  rpm,  5  cfm  at  6 
Inches  water  static  head,  400  cycles,  single  phase,  115  V.  a. c., 
22  watts  Input. 


